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PROCEEDI NGS
(Time Noted: 8:55)

CHAI RVAN HALL: W will reconvene this public
hearing of the National Transportation Safety Board
that is being held in connection with the investigation
of an aircraft accident involving Trans Wrld Airlines
Flight 800, a Boeing 747-131 that occurred eight mles
south of East Moriches, New York July 17th, 1996.

I would Iike to ask those in the audience
that would like to observe to please sit down and take
their seats. For those who are observing these
proceedings, | would rem nd you that you can follow
them and obtain additional information on the NTSB web
site, which is ww. ntsb. gov.

W have this norning -- before we begin the
Aging Aircraft Panel and the Flammability Reduction
Panel which will follow, let nme state that | have
been -- there have been inquiries fromthe parties,
fromthe nmedia and from everybody “are we going to
finish today?” -- and | don’t think there have been,
you know - -

Let me say that it is the intent of the
Chairman that we have two very inportant agenda itens.
Both of these agenda itens need -- both of these panels

need — need full tinme and di scussion.
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If we can have a full discussion and
presentation and all the parties and everyone feels

li ke they have had an opportunity to participate, we

m ght finish today, but — however, | don't think it is
very likely.

But, if we — well, we will just have to see
how the program noves us rather than -- | don't want to

set sonme artificial deadline that we all have to neet,
because | think these next two subjects are inportant,
i mportant they be covered in the same type of detail
that we have covered the rest of the hearing.

| really appreciate everyone's patience. |
know we are into day four now, and -- but, | appreciate
everybody — | appreciate everyone’s attention, and |
just want to be sure that we continue to do as thorough
a job on these next two panels as we have done on the
previous panels that have preceded it.

so, again, | thank the parties for their
attendance this norning. I acknow edge the witnesses
and ask M. D ckinson, please, to swear in and
i ntroduce the next panel which is on Aging Aircraft.

VR, DI CKI NSON: Good norning, M. Chairman.
Wul d the panel nenbers please rise and raise your
ri ght hand?

(Wtnesses conply. )
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Wher eupon,
GREGORY DUNN, BILL CROWN GEORGE SLENSKI, KEN CRAYCRAFT,
| VOR THOVAS, ALEX TAYLOR AND ROBERT VANNOY
were called as witnesses by and on behalf of the NTSB,
and, after having been first duly sworn, were exam ned
and testified on their oath as follows.

MR DI CKI NSON: Thank you. Pl ease be seat ed.
This norning’ s panel consists of M. Robert Vannoy, M.
[vor Thomas, M. Alex Taylor, M. Ken Craycraft, M.
George Slenski, M. Bill Crow and Dr. Gegory Dunn.
They will be questioned by Debra Eckrote, Robert Swaim
Jim W dey and Norm W eneyer.

M. Robert Vannoy is a Boeing Conpany
enpl oyee. He has been with the conpany for thirty-two
years. He is the current Chief of the 747 Fleet
Support. For the last sixteen years he has supported
the 747 fleet through the Custonmer Services D vision,
has been involved with devel oping prograns to anal yze
and maintain the structural analysis on nodels 737, 747
and 767.

He is active in a variety of industry
activities related to aging aircraft structure,
including the Air Transport Association’ s Airworthiness
concern process. He has a Bachelor’s Degree in

Engi neeri ng.
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M. Vannoy, would you please identify

yoursel f?

(Wtness conplies. )

Thank you. M. Ivor Thomas; this is his
third panel this norning. He is still the Chief of

fuel systens and auxiliary power units and he has been
with the Boeing Company for thirty—-one years. Just to
reiterate, he has a B.S. degree in Mechanica
Engi neering from Bristol, England.

CHAI RMAN HALL: That’s pretty good if he is
still in that position.

(Laughter. )

MR, DI CKI NSON: The third is M. Al ex Taylor.
Pl ease identify yourself.

(Wtness conplies. )

Thank you. He is a Mechanical Engineer from
t he Boeing Conmercial Airplane Goup, and he has been
at Boeing for thirty-seven years. He is an Associate
Technical Fellow of the conpany and since 1974 has
worked in the Electrical System Standards organization
creating and maintaining Boeing standards for
electrical parts, materials and processes.

He is responsible for a variety of airplane
electrical wire and cable activities, including

research and devel opnent of new nmaterials and test
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nmet hods, creating and nmaintaining the Boeing process
specifications that define the engineering requirenments
for the assenbly and installation of airplane wire
bundl es, creating and nmaintaining the technical content
of the standard wiring practices which each airline
operator uses to maintain the airplane’s electrica
W ring. He has a Bachelor’s Degree in Applied Physics
from Royal Technical College in d asgow, Scotland

Next we have M. GCeorge Sl enski. Pl ease
identify yourself.

(Wtness conplies. )

Thank you. Ch, excuse nme, | wll go in order
here. Let’s back up to M. Ken Craycraft. Thank you.
He is a Miintenance Engineer for TWA, provides
techni cal support to the Mintenance Departnent for
correcting difficult and/or repetitive malfunction in
the electrical systenms on TWA aircraft. He provides
anal ysis of causes for mechanical delays and reconmends
nmet hods for inproving the reliability of the conpany
aircraft.

He is a TWA designated representative at
governnent and industry neetings, and he is trained in
Boeing 727, 747, 767 nodels, and DC-9 and 10's and M-
80's, and also Lockheed L-10-11’s. He has a degree

in — fromthe Central Technical Institute.
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Now we will get to M. Slenski. Thi s has,
agai n, been his second panel, 1 think. He is the Lead
Engi neer for the Electrical Material Evaluation Goup
at Wight Laboratory and has been there for seventeen
years.

Next we have M. WIIliam Crow Pl ease
identify yourself.

(Wtness conplies. )

He is with the Federal Aviation
Adm ni stration and has been in Aviation Mintenance for
forty years. He is currently the FAA s Supervisor,
Princi pal M ntenance Inspector for Anerican Airlines
in Dallas/Fort Wrth Airport in Texas.

Previous to his current position, some of his
experience includes he is a Certificate Manager and he
is an NASI P and RASIP Team Manager and a Regi onal FAA
FI ight Standards Service Specialist.

In addition, he has served in various
mai nt enance positions in the Air Force National Guard.
He has a pilot’s certificate with an instrunment rating,
and he is a certificated air frane and power plant
mechani c.

Last, but not |east we have Dr. Gegory Dunn.

(Wtness raises his hand.)

Thank you. He has been in the Aerospace

CAPI TAL HILL REPORTING | NC.
(202) 466- 9500



wW D

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

896
i ndustry for twenty-five years. He is currently a
menber of the FAA Transport Standards Staff, Transport
Directorate in Seattle, Wshington.

Since 1997 he has been assigned project
managenent duties for the FAA's Nonstructural Aging
Systenms Project which will be addressing a White House
conmi ssion on aviation safety and security
reconmendati ons regarding aging aircraft systens.

He has worked in the area of Transport
Category Airplanes Certification since 1990, and prior
to joining the FAA in 1990 he worked at Lockheed,
Boei ng and Jet Propul sion Laboratories. H s education
includes a Masters and Ph.D. in Electrical Engineering
fromthe University of California in Los Angeles.

Now | will turn the m crophone over to M.
Robert Swai m

MR SWAI M Thank you, M. D ckinson.
Airplanes are designed to an economc design life, and
with close nonitoring and preventative naintenance the
airline industry has been able to re-define what that
design life can be and extend the nunber of years that
airplanes remain in service.

Extensive prograns in this area have been
devel oped through close coordination between the

manuf acturers, the airlines, especially through their
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airline association, the ATA, and the FAA

The Safety Board exam ned the subject of
aging airplanes after an April 28th, 1988 acci dent
i nvol ving Aloha Airlines Flight 243. The NTSB docunent
on that is publicly accessible and it is report nunber
NTSB AAR- 89/ 03.

The accident investigation raised safety
i ssues pertaining to nmaintenance prograns and FAA
surveillance of those prograns. The acci dent becane a
catal yst for major changes in how aging airplanes are
i nspected and nmaintai ned, but the focus of nbst aging
airplane progranms is on the structure and not on the
ai rpl ane systens which we have been tal king about here.

Many of the potential ignition sources seen
in the previous panel may be age rel ated. | certainly
had sone people here yesterday talking to ne after the
I gnition Sources Panel about just that subject.

This panel will be addressing aging aircraft
from two general perspectives. First we will be
di scussing what the regulatory requirenents are for the
continuing airworthiness of aging airplanes. After an
FAA description of what the regulatory requirenents
are, we have Boeing, the manufacturer, who can present
an overview of what the aging aircraft prograns are and

the history of how these prograns have evol ved,
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especially since the Al oha accident.

W would like to discuss the inpact that
these prograns have on the airlines who operate these
airplanes, and we would then like to change the
direction and ask sone questions and exam ne how the
airplanes are actually aging in service, take sone case
hi stori es.

Transport airplanes are extrenmely conplex and
have numerous redundant systens, so we would like to
briefly discuss, once we are done with all of that, how
the airplanes are dispatched with sone non-conformances
in some of these conplex and redundant systens.

My first question is for Dr. Dunn of the FAA
Dr. Dunn, what are the regulatory requirenments for
airplanes that are operated beyond the origina
econom ¢ design life?

W TNESS DUNN: Well, Robert, primarily what
you are referring to here is continuing airworthiness.
When you tal k about continuing airworthiness there is a
role played in that activity by the FAA, the operator
and the manufacturer.

As it relates specifically to the FAA there
is a - excuse ne — flight standards function which
relates to FAA requirenents that are given in Part 121

and Bill Crow is here to represent maintenance aspects.
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The ot her aspect of the continuing
ai rworthiness that the FAA addresses are in the design
requi rements which are found in Part 25, the
ai rwort hiness design requirenents that the FAA |evies
on the manufacturer of the aircraft.

In that regard we have Part 25. | believe it
is 1529, which basically says that the nanufacturer
nmust provide instructions for airworthiness. This is
pretty sinple, and basically it anpbunts to the
provi ding of maintenance instructions.

I will read in part what sone of those things
are: recommended periods at which various appliances
and parts should be cleaned, inspected, adjusted,
tested and lubricated; the degree of inspections
necessary and applicable wear tolerances. In addition,
the applicant nust include an inspection program that
i ncludes frequency and extent of the inspections
necessary to provide for continued airworthiness.

That is basically the Part 25 design
requi rement which nust be satisfied by the
manuf act urer .

MR SWAI M Ckay, thank you very much.

M. Vannoy represents Boeing and, as M.

D ckinson indicated, has extensive experience as far as

these aging aircraft prograns from the manufacturer
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So, M. Vannoy, can you kind of summarize
these aging aircraft prograns as Boeing sees thenf

W TNESS VANNOY: Yes, M. Swaim | wll
attenpt to do that. M. Chairman, | have about ten
pages of work charts and sone comments on the general
background and devel opment of aging prograns, and
hopefully that will further our discussion and answer a
| ot of questions.

CHAI RVAN HALL: Yes, please, we would like to
see them

W TNESS VANNOY: Today | am going to provide
a brief overview of the devel opnment and status of aging
ai rpl ane prograns. My comments are specifically
directed towards the 747 airplane, but simlar coments
woul d apply to other Boeing nodels.

As far as some general background, around
1980 the industry becane concerned over the general
concept of airplane operation beyond original design
service objectives. Mintaining safety was the prine
consi deration and has always been the prine
consideration on the aging prograns.

When the 747 was first designed in the late
60’ s commercial airplanes had previously becone
obsol ete before twenty years. By the early 80's it was

apparent that this would no | onger be the case. The
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initial major concern was over fatigue cracking, and
the first formal aging program addressed that issue.

In contrast to that concern, systens on the
airplane provide indication when they fail, and Boeing
has been nonitoring service data on systens perfornmance
related to aging from the beginning.

Next chart, please.

(Slide shown.)

Here, | would like to enphasize that the
agi ng progranms have been going on for a long tinme. W
have always had informal reviews of airplane structures
and systens to observe airplane performance. W were
al ways interested in how our product is performng in
the field, and we have been proactive to go out and
col l ect that data.

(Next slide shown.)

Al these prograns |isted here, beginning in
1983 to 1988 were in place prior to the first 747 s
reaching twenty years of age which happened in 1990.
Each of the four itenms or prograns discussed here will
be separately discussed later in the presentation

Al these efforts have been focused on
assuring continued safety. | want to make that point.
They have not been focused on naking the airplanes |ast

| onger. The econom c issues are worked in separate
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ways .

As of today, many 747 s have exceeded
ori ginal design service objectives. On ny next page
am going to provide sone details relating to that. W
maintain that with appropriate maintenance there is no
specific life limt on the 747 airplanes; however, it
needs to be clearly understood that the aging airplanes
do require increased naintenance and repair activities
for operation beyond their original design service
obj ecti ves.

(Next slide shown.)

I would like to provide some meani ngf ul
nunbers related to the 747 fleet. Qur design service
objective for the 747 has been 20 years, 20,000 flight
cycles — and a flight cycle is one take-off and
| anding -- and 60, 000 hours.

Airplanes and service that have exceeded
those objectives are approxinmately 380 airplanes that
have exceeded 60,000 hours, and of those approxi mately
240 are over twenty years old, and approxinmately
ni nety—five have exceeded 20,000 flight cycles.

MR SWAI M Wiere did the accident airplane
fit in that range?

W TNESS VANNOY: The acci dent airplane was

around 90, 000 hours and 18,000 flight cycles.
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MR SWAI M Twenty-five years ol d?

W TNESS VANNOY: It was twenty—five years
ol d. I want to enphasize that all these airplanes are
the classic 747's which are the 100’s, 200's and 300’ s.
There were sone references, estinmtes nmde previously
here about the nunber of classics operating today.

Boei ng produced a little over 700 of the
cl assi c airpl anes. Today there are about 620, |
believe, still operating. W have also -- over the
last ten years we have been building the 400 nodel.
There are about 420 of those in service.

The first 747 entered service twenty-eight
years ago this nonth. Since then the 747 fleet has
logged 12 million flights and 54 mllion hours. O the
1,140 747's that we have produced to date, several are
no longer in service, including approximately thirty
t hat have been disassenbled and scrapped for econom c
reasons. so, our design service objectives did set an
econom ¢ goal, and we are finding that there are a
consi derabl e nunber of airplanes that are no |onger
economi c.

None of these airplanes were condemmed or
consi dered unsafe. They were renoved from service for
econom Cc reasons.

Next chart, please.
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(Next slide shown.)

The nost wel | -known aging program on the 747
is the supplenental structural inspection requirenents
for a docunent. This is known as the SSID, or SSID
Program This was the first devel oped to address agi ng
on the earlier nodels.

The 747 docunentation was first released in
1983 followi ng a devel opnent process involving the
airlines and the FAA The inspection requirenents
identified in this docunent insures tinmely detection of
fatigue damage by requiring detailed inspections of the
hi ghest cycl e airpl anes.

The SSID Program utilizes a sanple fleet
contai ning sonme of the highest cycle airplanes. Si nce
we are |looking at fatigue damage we are interested in
flight cycles, so the airplanes with the highest nunber
of flight cycles are put in this candidate fleet.

Over the years this sanple fleet has
typically consisted of around 120 airplanes. W have
recei ved sone reports of cracking. The program has
wor ked adequat el y. It is still relied on today. When
we do get reports of cracking, that particular item
becones an inspection requirenent for the renainder of
the fleet.

CHAI RVAN HALL: Now -- well, could you give
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us an idea of what cracking is?

W TNESS VANNOY: Wl |, when you tal k about
fatigue cracking, it is actually — you know, the part
is beginning to break open at sone point. Usual |y,
fatigue cracks are found in the early stages when they
are very small, maybe a tenth of an inch, or — it
depends on the type of structure you are |ooking at,
whether it is a lug or a piece of skin that is rivetted
t oget her.

But, we are looking for very small cracks,
many of them by non-destructive test neans, finding
themin the very earliest stages and then preparing
mai nt enance recomendati ons and prograns to address
themin the rest of the fleet.

MR SWAI M But, you are talking about
structure here, right?

W TNESS VANNOY: W are tal king about purely
structures here.

MR SWAI M Ckay, and this is redundant
structure?

W TNESS VANNOY: This is all redundant
structure, that is correct, and we are |ooking for
the -- we are looking at the ol dest airplanes, the ones
with the highest cycles trying to find the first onset

of cracki ng. Thi s program covers hundreds of areas on
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t he airplane.

My next comment here, so far in this program
we have found twenty areas on the airplane where
cracking did occur, and that has resulted in inspection
requirements for the rest of the fleet. That has been
communi cated to the airlines by Service Bulletin, and
the FAA has nandated those requirenents by
Ai rworthiness Directive.

MR SWAIM  Wthout getting into work cards
and specific inspection steps and so forth like that,
in general how do you approach that? Do you sinply
collect records fromthe airlines, do you send out
teans to work with the airlines and do you have target
areas that you go after?

W TNESS VANNOY: Well, when you are talKking
about this particular inspection program it only
applies to the candidate — or, the sanple airplanes.
so, the airlines that have those airplanes have the
requirenments to do this additional inspection after
havi ng mai nt enance checks. It is an additional burden
on them

They specifically go in and | ook at these
items per the requirenents in the docunent. Wen they
find a discrepancy they have to -- per the

Airworthiness Directive they have to report it to us.
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W report it to the FAA and begin putting together
mai nt enance reconmendations for the rest of the fleet
so that this itemw !l be addressed on the other
ai rpl anes.

MR SWAI M Ckay, | guess | amtrying to get
alittle nore basic than that. How do the airlines
with these airplanes know where to | ook?

W TNESS VANNOY: Ckay, the docunent provided
under this programtells them specifically which pieces
of structure. It gives them zone diagrans, very
specific directions and alternatives to reach the goals
established in the program

MR SWAI M That docunent cones from the
manuf act ur er ?

W TNESS VANNOY: It comes fromus.

MR SWAI M Ckay, thank you.

W TNESS VANNOY: This is a very specific
program but it is typical of other inspection
requi rements that may appear in either the Service
Bull etins or other maintenance information.

DR LCEB: Excuse ne. Thi s program though,
was set up based on the service history that had
existed prior to that, and areas of concern that had
been identified during the service history of the

airplane, is that correct?
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W TNESS VANNOY: Dr. Loeb, this program was
est abli shed over a concern really for fatigue cracking,
and it was really set up by the changes in the
regul atory rules for new airplanes that canme out in
1978 under FAR 25-571, | believe.

so, we had to go back on the 747 and do a
very detail ed analysis, damage tol erance type approach,
and identify all the areas where fatigue cracking would
be a concern. It was a very large effort. It involved
operators and the FAA

We produced the requirenents, worked with
them to make sure that our inspection nethods and
frequencies were workable within the industry. So,
this program was really established -- and the FAA
started off by an Advisory Crcular that kind of told
us, you know, “this is how we want you to do it,” and
t hen when we produced the docunent they cane back and,
you know, put their Airworthiness Directive on it and
made it mandatory.

DR LCEB: Ckay, thank you

MR SWAI M Ckay, | interrupted your
presentation there, your slides.

W TNESS VANNOY: Ckay, back to the slide.
Just one nore comment as far as the process we have

been discussing. As far as finding problens early in
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the fleet and putting out naintenance recomendati ons,
you know, this activity also occurs in the systens
ar ena.

Whenever we find a problem having a safety
inplication on a systens item we work it in exactly
the same manner, wth early detection provide
mai nt enance recommendations, and it could also result
in an Airworthiness Directive, and there is quite a few
exanpl es of that happeni ng.

The next item | would like to discuss is
purely a Boeing program that was established in 1986
called a Fleet Survey Program At that tine, we were
concerned over the lack of data that we had, and there
was a general concern over, you know, what were the
ef fects of aging on our older airplanes.

W took a very proactive approach with the
attitude that if there were problens or sonething wong
we wanted to be the first to know So, we started
sendi ng out Boeing teans of six people or nore,
observing airplanes and heavy naintenance checks.

These people would go out and spend
approximately a week on the airplane that was in a
heavy mai ntenance check, and they had with them all the
information, the service history, and in particular

they would | ook for all known or suspected problens,
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but also do a general surveillance of the airplane as
time and access permtted. During that program which
is still going on today, the operator cooperation has
al ways been excellent.

Just a personal note; | participated in quite
a few of these fleet surveys and | was generally the
smal | est person on the team and so | was nom nated to
do all the fuel tanks, and even the horizontal
stabilizer tank. So, from yesterday’ s discussion |
have had quite a bit of experience crawing around in
fuel tanks.

In this program we have three basic goal s.
W were interested in the actual condition of the
structure and the systens conponents, we wanted to make
sure that our maintenance publications were adequate
and, finally, we have always been interested in getting
the | essons |earned on our airplane so we can
incorporate that into our new design activities.

Turn the page, please.

(Next slide shown.)

During this tinme we have | ooked at forty-two
of the 747 airplanes. These have al ways been the
ol dest, highest tine airplanes we could find at the
time. So, that constitutes a pretty good percentage of

the ol der fleet.
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General coments about what we found; the
findings in general have indicated that the airplane
condition of both structures and systens is good, and
t he mai ntenance that we have observed has been
excel | ent. This has been a worldwi de effort. W have
been to every continent, and a pretty good cross
section of all our fleet.

W have had sone significant results from
this fleet survey. Sone of the first Section 41
cracking problens, severe problens, were found by a
Boeing team early on on this activity. I think Section
41 is probably the nost well-known problem -- structure
problemrelating to the older 747 s.

During our survey --

CHAI RMAN HALL: Coul d you el aborate just a
little on that at sone point, because | received -- we
have received a bit of correspondence on that, and I
would Iike — you know, | think for the record it would
be good to have sone information on that and what
Boei ng has done.

W TNESS VANNOY: Yeah, the Section 41
cracking is basically frane — internal frame cracking,
probl ens that showed up about 1986. W had sone
multiple frames that were cracked.

CHAI RVAN HALL: Could we put a 747 up so
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sonmeone could point to Section 41?

W TNESS VANNOY:  Well, if you |look at the
ol der airplanes and you are famliar with the upper
deck and the three wi ndows on the older airplanes, it
is the section right in front of and underneath the
three wi ndows on the upper deck and, you know, right
behind the flight -- where the flight crew sits.

It is the nose of the airplane, and it has
kind of a flat part of -- the side of the airplane is
flat up there, and that is the forward part of the
airplane, the Section 41.

MR WLDEY: M. Chairman, | would point out
that the Section 41/42 joint is at the very forward end
of the reconstructed airplane. So, that is the start
of the Section 41, just in front of the reconstruction.

CHAI RVAN HALL: Thank you.

W TNESS VANNOY: SO, in 1986 when we becane
aware of this concern over the multiple cracking, we
acted very quickly, we shared our information with the
FAA and the airlines by -- | think within two or three
days we had sonme nai ntenance information out and the
FAA put out a telegraphic Airworthiness Directive to do
a quick inspection of the airplane.

Wthin about two weeks we devel oped an

extensive Service Bulletin for internal inspections,
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identified the requirenments’ initial inspection
threshold, repeat intervals, we had mnultiple operator
nmeetings to convey all this and | think the original
requi rement was for airplanes over 15,000 cycles that
had to be inspected quite quickly.

That still carries out today. Those
i nspections are still enforced today, nmaintaining
safety in the older 747's. W realized we needed to
make a design change, so we changed our design and
i mpl emented that in 1987, | believe, at about I|ine
posi tion 680.

Then, the Aging Aircraft Task G oup cane
along a few years later and included that retrofit
requi rement as one of the mandatory nodifications in
aging airplane progranms. So, airplanes as they exceed
20,000 flight cycles, they nust have this nandatory
nodi fi cation. Up until that tinme, they nust do the
repetitive and internal inspections.

so, the program has worked very well and we
have --

CHAI RVAN  HALL: The accident aircraft had or
had not had this?

W TNESS VANNOY: The accident aircraft was
subject to inspections, and it had repeat inspections

at 13,000 and 16,000 cycles, and it would have been due
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for another at 19,000. So, it had accumul ated 18-pl us
t housand cycl es.

CHAI RVAN HALL: But, it did not have the
retrofit because it was not over 20,000 cycles?

W TNESS VANNOY: It didn't have the retrofit
because the operator had chosen not to apply that vyet.
But, | think the findings indicated that the cracking
was as we woul d have expect ed. It was very m ni nal

MR SWAI M A matter of clarification. You
used the term “NDT.” \What does NDT stand for? \hat is
it?

W TNESS VANNOY: M. Swaim NDT is non-
destructive testing, which could include x-ray,
ultrasonic -- different techniques that we use in the
i ndustry today to |l ook for cracking in the structure.

MR SWAI M Ckay, thank you. M. Chairnman
if I could add one further point, these areas on the
accident airplane were examned in great detail because
it was a known problem and there was no evidence of
any kind of fatigue cracking in that area. There is no
report on that, by the way.

CHAI RMAN HALL: Thank you. | just think it
is inportant for the record that it be pointed out that
it was | ooked at very carefully as part of the

i nvesti gation.
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W TNESS VANNOY: Ckay, as | was saying, we
found sonme Section 41 cracking -- in our surveys, we
have also found some significant findings related to
systens. None of those have inpacted safety. W have
addressed those w th maintenance reconmendati ons.

W have also, in addition to the fleet
surveys, continued to take other opportunities to go
out to airline visits and | ook at systens.

If I could have the next chart, please?

(Next slide shown.)

MR W LDEY: M. Vannoy, before you |eave
this area, can you conpare the fleet survey airplanes
with the candidate fleet of airplanes under the SSID
document? Are they the sane airpl anes?

W TNESS VANNOY: Many of the airplanes would
be the same airplanes. It is the same basic goal. In
both cases we are |ooking for the ol dest airplanes, and
the SSID airplanes, the candidate airplanes are the
ones generally above 20,000 flight cycles, and those
are the ones we are al so seeking out in survey
progr ans. So, many of them are the sane airpl anes.

CHAI RVAN HALL: M. Vannoy, you nmentioned
that as you found system problens they have been
addressed through recommendations, or Service

Bul | eti ns?
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W TNESS VANNOY: That’ s right.

CHAI RVAN HALL: Do you know how many of those
there have been, and have there been any in regard to
the electrical system of the 7477

W TNESS VANNOY: I checked through a |ot of
dat abases and results of the fleet surveys. | did not
find anything relating to the electrical systens. An
exanpl e of what we found; | know we found sone
corrosion on the landing gear actuator that resulted in
sonme inproved mai ntenance recomendati ons.

But, generally we are doing visual checks,
and even though we — you know, we |ook at wi re bundles
and we | ooked at everything on the airplane we coul d.
There was very little found fromthis survey activity
that would relate to any wiring or general systens
probl emns.

CHAI RVAN HALL: So | amclear for the record,
were you | ooking for those problens, or were you just
| ooking at structural problens and as you -- naybe
system - a system problem cane to your attention, that
was addressed, or were you |ooking for both?

W TNESS VANNOY: W were | ooking for both.

W had systens specialists on our team and they
basically | ooked over the whole airplane; you know,

everything from cable runs to door systens and cockpit
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and anything they could | ook at.

CHAI RVAN  HALL: Pl ease conti nue.

W TNESS VANNOY: Ckay. The reports that we
were receiving fromthe fleet surveys and fromthe
airlines, Section 41 and other fuselage structures in
the m d-80"s convinced us that additional data was
needed.

In 1987 Boeing acquired a 747-100 airplane
that had accumul ated 20,000 flight cycles in service,
and we put that next to our factory and set up a test
fixture.

Over a two and a half year period the body
structure was subjected to an additional 20,000
sinulated flight cycles. Fromthis activity we
devel oped a detailed fuselage inspection program that
was defined for the fleet and published by an Alert
Service Bulletin. An alert designation on a Service
Bull etin designates a higher priority bulletin
typically signifying safety inplications.

The threshold for beginning this inspection
was set at 22,000 cycles, which is about ten percent
over our design service objective. W had extensive
operator neetings concerning this to explain what we
had found and what the requirenments were going to be

for these ol der airplanes.
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This is quite an extensive inspection
requirement that is on top of normal nmaintenance. So
when the airplane gets to 22,000 cycles there is a lot
of extra work that has to be done here to satisfy this
requi r ement

CHAI RMAN HALL: But, just on the structure?

W TNESS VANNOY: The structure

CHAI RMAN HALL: Could I ask, just when this
program -- and | have had the very nice — went out to
Seattle and saw this -- saw your airplane out there.
|s there any reason that you all did not |look at all
the systens as well as the structure when you went
t hrough the 747-100 and did this progran?

W TNESS VANNOY: There wasn’'t any specific
reason. | guess at that tine we were really focused on
the structure and had urgent need to do that. So,
there wasn’t any real tine established, or --

CHAI RVAN HALL: So, | guess -- what was the
Al oha accident, in '80 —

W TNESS VANNOY: That was ' 88.

CHAl RVAN HALL: '88, all right.

W TNESS VANNOY: So, just to note, to date we
have had about forty airplanes in the fleet that have
gone through this inspection, as defined by this

bulletin and Airworthiness Directive.
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After we nmade the re-design on Section 41 and
sone production changes, we did — right beside that
test airplane, we did do also a test of a new 747
forward body section to validate our design and
retrofit changes.

Next chart, please.

(Next slide shown.)

Now, followi ng the Aloha 737 accident in the
spring of 1988, new concerns were raised. The FAA
sponsored an international conference on aging
airplanes in June of 1988 and directed the formation of
i ndustry worki ng groups.

G oups were fornmed for structures non-
destructive testing and propul sion. The Structures
G oup was the nobst active group, and the real objective
there and the new concern was we had to take a new
approach and we had to cone up with nethods that would
consi der the conbination of fatigue in the presence of
ot her damage.

MR, RODRI GUES: May | interrupt a second.

Bob, there is the wong slide up for this part.

W TNESS VANNOY: Thank you, Dennis, | didn't
noti ce.

(Next slide shown.)

Sorry for the confusion there. The real
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obj ective comng out of this was to find a new approach
where we could consider a conbination of corrosion in
t he presence of other danage such as fatigue. Previ ous
to this, corrosion and fatigue and whatever was kind of
considered on an isolated basis. W had to take a new
approach to be able to consider the conbination of
corrosion effects.

Qut of these programs that the Structures

G oup developed -- they are all listed here, and there
is actually six itens. | am not planning to discuss
all of themin detail, or even nmention some of them

They are pretty well known in the Structures
community, but the nost notable of these prograns is
the Corrosion Prevention and Control Program and that
provided mninmum requirenents for inspection and
repair. Today it addresses all in-service airplanes.
so, that has had a trenendous inpact on airplane
mai nt enance

These industry actions initiated in 1988 to
address aging safety concerns have denonstrated a
cooperative determ nation to make the right things
happen throughout the industry.

Just a side comment, the detailed exam nation
that was conducted of the accident airplane, the

twenty-five year old accident airplane, and the |ack of
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any significant corrosion or cracking does provide
addi tional confidence that the prograns are worKking.

The Structures progranms, as well as any other
prograns undertaken in this arena, are under the
oversight of the A rworthiness Assurance Wrking G oup
AAWG which is sponsored by the FAA

DR LCEB: Bef ore you continue, these
prograns, including the original SSIP that started in
83 and then all these others were not specific to the
747, is that correct?

W TNESS VANNOY: That’ s right.

DR LCEB: They were fleet-w de across all
ai rplanes and —

W TNESS VANNOY: That is correct, Dr. Loeb
As | indicated originally, my conments here are
specific to the 747, but the prograns — industry
prograns apply to all the ol der airplanes; Boeing
nodel s and ot her manufacturers, as well.

DR LCEB: Your fleet surveys were also
across your nodel s?

W TNESS VANNOY: That is correct. In our
fleet survey activity | think we have | ooked at over
200 airplanes in total.

DR LCEB: Thank you.

W TNESS VANNOY: | have been in a position
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over the last fifteen years to review all the incom ng
data fromthe fleet, and it has becone very evident to
nme that since these prograns were established about ten
years ago, you know, the nunber of aging airplanes have
exceeded our design objectives, have exceeded — you
know, they have gone way up, but the serious reports
that we have been receiving have gone way down.

so, it is very obvious to nme, as sonmebody in
a position to review all this data, that it has been
very effective, and it is generally considered a good
success story and one that all of us in the industry
are very proud to have taken part in

Ckay, | have discussed the Structures story,
but I would Iike to make a few comments about systens.
Systens performance is continually nonitored throughout
the operation of the airplane. Systens design provides
multiple levels of redundancy.

Systens faults are apparent to performance
and built—-in nmonitors, and during schedul ed mnai ntenance
systenms go through additional functional checking, and
conponents are replaced, if necessary.

I think these general coments kind of sum up
why we haven’t had specific prograns dedicated within
the industry to collect additional data on systens.

( Tape change. )
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Wthin Boeing we have been proactive in
seeking out information on aging effects on systens.
The airlines do provide reports to us as they identify
potential problens. W have nonitored in-service data,
and that allows us to detect problens or trends in
early stages and provide nmaintenance recomendations in
a tinmely manner.

W have taken part in fleet surveys to try
and find anything related to systens that would be a
concern. One exanple of where we did use the surveys
to provide sonme naintenance recomendations was in a
service letter which we produced in January of 1995
that provided a lot of maintenance reconmendations in
relation to wiring on high tinme airplanes.

This service letter, at the tinme it was
produced, did not include any wring recomendations
inside the center w ng tank. It was all airplane
wiring in the body w ngs.

CHAI RVAN HALL: Is there an econom c design
life for wire?

W TNESS VANNOY: No, we haven’'t established
any life. Basically, the design requirements on wre
that we designed the airplane to and test and certify
are the wiring should last as long as the airplane

does.
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W are conmitted to design, build and support
safe and reliabl e airplanes. I want to enphasize the
word “support.” Over a thousand engineers are totally
dedi cated within Boeing to daily support our in-service
fleet. They have no other job responsibilities. In
addition, we have several hundred engi neers in custoner
service organization that are on site throughout the
world at the airlines.

As problens are identified we take action
and safety concerns receive our highest priority. Only
incomng information is reviewed nore or less on a
daily basis, and safety itens are keyed, and we have a
very robust process, not only of reporting itens to the
FAA, but working internally for that priority. That is
basically a continuing airworthiness approach

Just a few comments in closing. This is ny
l ast slide.

(Next slide shown.)

I am not up here in a defensive position
trying to say that we know it all or we have done the
work on aging airplanes totally. There is still much
wor k ahead, and one thing that needs to be enphasized
is existing progranms that have been established are
ongoing and they are all subject to continual review

and updat es.
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The task groups neet periodically. W had a
neeting earlier this year on the 747. W are
continuing our Fleet Survey Program W recently
surveyed a donestic 747 that was delivered in 1970. W
hol d operator conferences for conmunication and working
together efforts.

Every year for the last nine years we have
hosted regi onal aging airplane conferences around the
world inviting operators, regulatory agencies and al
t hose associated with naintenance. W recently
conducted a mmjor 747 conference in Septenber. W have
est abl i shed sone working teans.

I think we discussed in previous days here
the All Mdel Fuels Issues Team that -- the working
group that has started |ooking at things |ike bonding
and grounding. W have also established sone airline
working teanms to inprove dispatch reliability in
systens areas. So, Boeing remains open. W are
commtted to future participation in any programto
i nprove safety.

As a final coment, | would like to say that
| believe the best solutions will again conme through
the collective efforts of our industry, relying on
facts and data and worki ng together. Thank you. That

ends ny —
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CHAI RVAN HALL: That is an excellent
statenent, M. Vannoy. Wuld you mnd explaining for
the — for us what an on condition failure is?

W TNESS VANNOY: Wl |, many systens
conponents on the airplane are subject to on condition
mai nt enance, and that means, basically, when the item
ceases to operate, or a circuit breaker trips, or the
function isn’'t there anynore, then it receives
attention and it gets replaced or naintained.

so, it probably nmeans that that itemis not
subject to what we call hard tinme naintenance which —
alternatively which would say that at a particular
interval you would pull it off regardless of whether it
is functioning or not functioning.

On condition neans you leave it on the
airplane until it indicates it is not functioning
anynor e.

CHAI RVAN HALL: Does Boeing -- does this
apply to nost of the systens in the aircraft, if not
all, or do you have —

W TNESS VANNOY: That is correct, M.

Chai rman, it woul d. Qur mai ntenance reconmendations in
t he mai ntenance planning docunent put virtually all the
systenms in the on condition category. There is al nost

nothing that is — fromthe Boeing standpoint, that is
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hard time now

In the airline world — and we coul d hear
from maybe our TWA representative -- but, in the
airline world in their program of continuous
airworthiness they do nonitor reliability, and when
they establish reliability information on conponents to
maintain the reliability and, you know, success on the
airplane, they do establish tinmes when they pull itens
of f and overhaul them regardless of whether they work
or not.

Certainly that is conmmon today, and nost
airlines have those prograns where many itens are
pul led off at certain intervals, whatever 20,000 or
40,000 hours, whatever they establish for their own
requirenents

WTNESS DUNN. M. Chairnman?

CHAI RVAN HALL: Yes, one -- yes. Just one
| ast comment, and then | will — or, who — where did
t he voice cone fronf

WTNESS DUNN:. M. Chairman, | --

CHAI RMAN HALL: Ch, | amsorry, at the end of
the table. | apol ogi ze.

W TNESS DUNN: If it would help, | can give
you the definition that is actually in an FAA-AC

Advi sory CGircul ar.
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CHAI RVAN HALL: That woul d be good.

W TNESS DUNN: Ckay, first of all I wll talk
about what the definition is of hard time limt. Now,
understand | am not a maintenance person, but | am

reading the actual definition from the Advisory
Crcul ar.

“Hard tine limt is a maximum interval for
perform ng a maintenance task. These intervals usually
apply to overhaul, but are also applied to total life
of parts or units.”

Now let’s talk about on condition. On
condition does not nean fly ‘til failure. That is
sonething that | think we need to be very clear about.
It doesn’t mean you don’t do maintenance until there is
a failure.

What it nmeans is it refers to maintenance
done in regards to repetitive inspections or tests to
determine the condition of units, or systens, or
portions of structure. So, it refers to a repetitive
i nspection process. You don’t wait until sonething
fails to take action. Hopefully that clears up the --

CHAI RVAN HALL: Do you consider the wire
bundl es and wiring be part of that systems that you
just referred to from the FAA regs?

W TNESS DUNN: Yes, it would be, but | think
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a nore conplete answer could be given by our
mai nt enance representative. M. Crow could perhaps
el aborate on that.

W TNESS CRONW  Wuld you like ne to do that,
M. Chairman?

CHAI RMAN HALL: Yes, sir, please

W TNESS CRON  There are three —

CHAI RVAN HALL: And let ne just say that --
so, again, state for the record, we do not know what
caused the TWA 800 tragedy. One of the factors that
has been widely reported and one that is considered is
the age of the aircraft. It was twenty-five years old,
and | think we — or, we need to look into these issues
and be sure that we understand.

| appreciate M. Vannoy pointing out a very
aggressive program that Boeing has had over the years
in the structure area. Qobviously, what the Chairman is
going to be getting tois, is there any reason that we
need to be doing that in the systens area.

W have | ooked extensively at what was
referred to yesterday as a derelict aircraft, that
where we found that our inspectors found nost of the
problens weren't visually avail able. They were
underneath connectors and et cetera.

| guess the question is, with the information
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we are getting out of this investigation whether or not
this has anything to do with the tragedy of TWA 800. |
know the industry and the FAA are as interested, if not
nore interested than the NTSB in getting all the safety
| essons we can out of an investigation that has gone
into the detail this one has.

so, that is where | amcomng from M. Crow
so, | think any information you can put on the record
on what is presently being done and what we just
di scussed, it would be hel pful.

WTNESS CRON Al right, sir, | wll be
happy to do that. | amgoing to call on Dr. Dunn and

al so go back to his definitions in the Advisory

Circular, and he will — when | share this information
with you, he will know exactly where I am going with
t hat . If he doesn’t, | wll lean over and help him

There are three basic mai ntenance processes
within the air transportation industry. One of themis
hard times, one is condition nmonitor and the other one
is on condition. Those three particular processes are
really identified in the reliability progranms that are
evident in nost of the mgjor air carriers today.

One of the things that | would like to
cover —

CHAl RMAN HALL: That word “nost,” is that --
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do you nean all, or do you nean nost?

W TNESS CRON No, sir, | do not nean all
and I amtrying to choose ny words very carefully
because the reliability programis not a mandatory
requi rement of the FAR It is, if youwll, a
privilege that allows an air carrier to develop its own
reliability processes for the purposes of extending
appropriately the intervals between inspection and
changi ng of conponents.

CHAI RVAN HALL: Well, does TWA have a
pr ogr anf

W TNESS CROW | believe they do, sir

CHAI RVAN HALL: Yeah. So, | wanted to be --
1 didn’t want to |eave the opinion that they did not
have a program M. GCraycraft, you are probably going
to speak to that later, is that correct?

MR CRAYCRAFT: Yes, sir, we do.

CHAI RMAN HALL: Thank you. Pl ease go ahead,
M. Crow.

W TNESS CROW For the record, let nme say
this right up front. I don't present nyself as a
Boei ng 747 expert, or an expert on TWA My comments
and ny speaking are purely on behalf of flight
standards service, and in sone cases that | wll

identify as ny opinion, as a supervisory aviation
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saf ety inspector.

CHAI RMAN HALL: Al of us are just here
trying to provide as much information we can in this
i nvestigation to advance safety, and | noticed — |
didn"t -- M. Craycraft, how many years of experience
do you have in the aviation industry?

MR,  CRAYCRAFT: Forty-one.

CHAI RMAN HALL: Well, | noticed there were
182 years of experience, and | didn’t have your 41, so
there is clearly well over 200 years of experience with
this panel in the aviation industry, and — so, that is
why | want to listen very closely to everything you
gentl enen have to say. Pl ease proceed.

W TNESS CRON  For the record | would like to
have ny colleague, Dr. Dunn, read the definitions of
t hose three mmintenance processes. Again, he has al
ready read the hard tine definition to you, and the on
condition definition. | would like for himto read one
nmore, which is the culmnation of the three processes,
condi tion nonitor.

W TNESS DUNN: Fortunately, | have al so got
that avail able for ne. Condi tion nonitoring; *“For
itens that have neither hard tine limts, nor on
condition maintenance as their primry maintenance

process, condition nonitoring is acconplished by
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appropriate neans available to an operator for finding
and resol ving probl em areas. These nmeans range from
noti ces of wunusual problens through special analysis of
unit perfornmance.”

W TNESS CROW I would like to continue by
saying | think, if | amcorrect, Bob Swaimis going to
ask me sone questions here in a nonment, and | do
have -- not a prepared, if you will, presentation, but
| will cover a lot of these things in order to try to
close the circle regarding continued airworthiness
requirements on air transport category aircraft on
behal f of the Flight Standards Service.

MR SWAI M Sir, where we intended to go with
this was to get the basics from Dr. Dunn with the FAA
of here is what is legally required, in general, and
then have M. Vannoy tell us basically where we have
been over the last ten years or so, what these aging
prograns are in fairly general terns.

My intent next was to go to M. Craycraft.

As he said, he has got forty-one years with TWA, and to
ask himhow the — you see, we are narrowi ng down the
cone here — how does TWA as a representative airline

i mpl ement all this guidance and help they are getting
from the FAA and Boei ng.

That is where, Chairman Hall, if —
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CHAI RVAN HALL: No, that is fine. Pl ease
proceed.

MR SWAI M kay. M. Craycraft, here is ny
questi on. How do you inmplenent all of this as far as
mai nt enance prograns? You have to tie it into your
mai nt enance prograns. How do you take care of these
ol der airpl anes?

W TNESS CRAYCRAFT: Well, the prograns
described by M. Vannoy and others is acconplished at
TWA with a continuous airworthiness naintenance
program It is all under that |arge unbrella.

The continuous airworthiness naintenance
program i ncludes all of the FAA mandatory program
requirenments and is identified in our operations
specification manual that is approved by the FAA

The nai ntenance program incorporates the aid
of a maintenance alert conputer system that tracks all
t he schedul ed nmi ntenance requirenents on each aircraft
and provides alerts to our operational planning
departnent so that they can schedule the aircraft to a
TWA nai ntenance station to acconplish the required
mai nt enance secti ons.

W have a couple of other prograns. The
Mai nt enance Qperations Control System is a conputer

program that does this tracking and alerting for the
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schedul ed mai nt enance.

W have — we are |oaded with acronyns, as
everybody is. W have an AWPS system an Aircraft
Mai nt enance Pl anning System that tracks and provides
control for aircraft |og book remarks, non-routine
mai nt enance itens, followups to log remarks and call -
out requirenents for special naintenance activities.

W have a Mintenance Coordinating function
that is on duty twenty-four hours a day that provides a
continuous overview of all of our maintenance activity.
To support that we have an engineering staff that is on
duty at normal engineering hours, but are available on
call at any tinme to provide technical assistance or
advice to the maintenance organization. That is where
I fit in the organization. | have had many | ate hour
phone call s.

This is the way the programis identified,
and we - 1 have a copy of the 747-100 operations spec
here in front of me that is about an inch thick, on
both pages that identify these itens that were
described as hard tinme itens, on condition itens,
conditioned nonitored itens and things of that sort.

Then we further expand on the on condition.
There are sone itens which we can perform a detail ed

test on the airplane, so we will call that an on
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condition on the aircraft, or we have sone that we feel
that we cannot adequately perform the test on the
airplane, so we call that an on condition shop item

W will renove the item send it to the
overhaul shop and the appropriate tests are
acconpl i shed and determ ned whether it is operating
within its specifications, or not.

MR SWAI M Ckay. M. Vannoy tal ked about
these aging aircraft prograns and Boei ng requirenents.
M. Craycraft, howfar -- well, let ne rephrase that.

Do you follow the Boeing recomendati ons as far as

agi ng nai ntenance mai ntenance and these — is it I|ike
with my car that | can follow the maintenance manual,
but I don’t really have to?

W TNESS CRAYCRAFT: No, sir. This -- the
Aging Aircraft Programin TWA was very active with
Boeing and the other air frame manufacturers in
devel opi ng the structural requirenents and the detail
requirements that is involved in the aging aircraft
activity, as well as the Corrosion Control and
Protection Program

So, we -- and many of those itens are
mandated by AD once they are identified by the Aging
Aircraft Program and we certainly follow the AD

requirenents

CAPI TAL H LL REPORTI NG | NC
(202) 466-9500



S~ 0

o

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

937

MR SWAI M Ckay. Now, do you do nost of
your own mmi ntenance, or are you |ike sone other
airlines where you contract out nost of your
mai nt enance?

W TNESS CRAYCRAFT: This particul ar
mai nt enance we are speaking of here is acconplished by
our own nechanics, as M. Liddell would be glad to
support.

MR SWAI M Good point. We have the | AM
here.

M. Dunn -- Dr. Dunn, is this in excess,
beyond what the regulations are calling for? |Is this

in addition to the regul ations?

W TNESS DUNN: | can’t what --

MR SWAI M I am not asking you to -- you
know, sir, do they conply. | am just saying, from what
he describes are they beyond -- are they in addition to

what the basic regulations call for?

W TNESS DUNN: This is an area that | can't
really describe, because you are tal king about
specifically the operator’s naintenance program

MR SWAI M Ckay.

W TNESS DUNN: That is really an issue for
Flight Standards to address.

MR SWAI M Well, before we go there, M.
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Crow, is that sonething that you feel confortable
sayi ng, whether you feel they are doing what the
regul ati ons conply, or nore?

CHAI RMAN HALL: O course your question is
specifically regarding TWA?

MR SWAI M Yeah, do they do nore than the
regul ati ons require?

W TNESS CROW | think that all of our US
certificated air carriers exceed the m ninmm
requirements of the FAR in the work that they do for
conti nued airworthiness. | have in the past had
opportunity — limted opportunity to spend sone tine
with the Trans Wrld Airlines organization in Kansas
Cty and St. Louis, and our findings were that they
were doing the — were neeting the mninum requirenents
of the FAR and in many cases exceedi ng those.

MR SWAI M Ckay. M. Craycraft, as an
operator again, okay? - since you are doing your own
mai nt enance, do you do nmmi ntenance on ot her people’s,
ot her operator’s airplanes comng in?

W TNESS CRAYCRAFT: It is a contract
oper ati on. W have done sone and at different tinmes
do, yes.

MR SWAI M Ckay. My next question is, how

do you conpare your airplanes with ones that are com ng
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of f mai ntenance from other places?

W TNESS CRAYCRAFT: Usual |y the contract
operation that we perform on other operator’s, those
airplanes are incorporated in our rmaintenance program
and that is the way that we repair and naintain their
airplanes, as if it were a part of our own maintenance
pr ogr am

MR SWAI M Ri ght, but when it cones in to
you from somewhere else, as you receive the airplane in
equi valent period in its life to your own airplanes,
are they as well nmintained as yours, are they as clean
as yours, those kinds of questions?

W TNESS CRAYCRAFT: I don’t work on the
floor, so | really can't answer that question, Bob.

MR SWAI M Ckay. | amgetting a little
ahead of nyself. I would like to go back into the
structural area again. One of our specialist
nmetal lurgists is M. Jim WIdey who worked on the Al oha
accident, and | would like to see if M. WIdey has any
guestions at this point as far as the structures.

MR, W LDEY: I don’t have any right now, Bob.
| think I will save some for a little bit later.

MR SWAI M Ckay, very good.

M. Craycraft, there is a large feeling

anongst the mechanics and pilots in the industry that
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with deregul ation and nore conpetition in the airlines
that the airlines are tighter on their maintenance and

possi bly even cutting back sone.

What is the cost? Wll, let’s go back a
st ep. Is it a conpetitive industry?
W TNESS CRAYCRAFT: | think that is fairly

obvi ous.

MR SWAI M Ckay, and what is the cost of
doing this kind of maintenance on these airplanes to
keep up an ol der airplane?

W TNESS CRAYCRAFT: I do not know any
specific cost or man-hours involved in a heavy
mai nt enance check.

MR SWAI M M. Vannoy, can you speak to
t hat ?

W TNESS VANNOY: Yes, M. Swaim | could give
you sone general nunbers. First of all, there has been
sonme di scussion previously here about things |ike C&
checks and what is schedul ed maintenance. | would like
to kind of try and put that in perspective.

The typical airline, let’s say operating an
ol der 747, would do their schedul ed maintenance in the
form of what we call A-checks, C-checks and D checks.
The A-check would be a fairly frequent naintenance

opportunity that would be naybe one day down tinme every

CAPI TAL H LL REPORTI NG | NC
(202) 466-9500



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

941

nont h.

The C-check would be nore or less a yearly
i nspecti on which would be about a week, or a little
nore down time per year. Then the D-check would be the
heavy mai nt enance which conmes approximtely five years,
and it would be a nonth or nore down tine.

so, those are the schedul ed mai ntenance
opportunities for a typical operator as one day a
month, one week a year and a nonth every five years.
O her than that, the airplanes are subject to line
mai nt enance, which is whatever can be done in between
flights.

so, | hope that gives a little better
per specti ve. The cost of heavy maintenance on the 747,
let’s say a D-check where you woul d have the airplane
for a nonth or nore, as the airplane, the ol der
ai rpl anes have gone beyond the twenty-year threshold,
that cost has gone way up

You m ght have as much as 30,000 or nore man
hours to do a heavy maintenance when the airplane is,
say, fifteen years ol d. But, when it gets up to
twenty-five years old with these additiona
requi rements put on by the task groups, that nunber
coul d double or triple.

so, we are talking about a lot of man hours.
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It is a very big airplane, a lot of surface, a |ot of
access. The Corrosion Program that was identified for
the 747; if you were to take an airplane and you needed
to do all that activity on the airplane to, let’s say,
baseline it, the estimate was 25,000 man hours just to
do all the access, the inspection and the restoration
of all the panels and everything you need to do. That
is just to acconplish the Corrosion Program that was
identified and mandated in 1990.

so, | hope that provides sonme perspective on
mai nt enance

MR SWAI M Yes, sir, thank you. W found a
cooling tube mssing froma fuel punp that we exam ned
during this investigation. W went into manufacturer’s
records and we found a couple of prior instances of
t hat .

The cooling tube in the fuel punp also acts
as a flane arrester. Now, in testing we found there is
a check valve

CHAI RVAN HALL: M. Swaim are we -- do we
have anynore presentations from the panel, or are we
just getting into questions?

MR SWAI M W are getting into questions.

CHAI RVAN HALL: Wll, could | —

DR. LCEB: | thought you were going to get
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sone information on the record from M. Crow that would
have hel ped to set the context and an under st andi ng,
that you were going to ask some questions of M. O ow
M. Crow, in fact, | believe indicated that he was
going to be getting sonme questions from you that --

CHAl RVAN HALL: Well, we seem to be wandering
here. Let’s take a break for fifteen mnutes and see
if we can’t get our train of thought together. Of the
record.

(Whereupon, a brief recess was taken.)

CHAI RVAN HALL: On the record. W will
reconvene this hearing of the National Transportation
Saf ety Board. I would ask the observers to please take
their seats. W are in the -- on agenda item eight of
our hearing, which is the Aging Aircraft Panel

W are now going to continue with the
guestioning by the Technical Panel, and I will turn it
back to M. Swaim

MR SWAI M Thank you, sir. \Were we are
trying to go with this is to ook at the Aging A rplane
Progranms that have been set up specifically as far as
structure, dividing the ideas of structure an systens,
and devel op what has happened in structure and then go
and | ook at the equivalents in systens, if there are

any.
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so, with that, M. WIdey?

CHAI RVAN HALL: Let ne just say what the
Chairman -- what the prerogative of the Chair is.
There are two other things that | would |ike the panel
to address, and then obviously — and those are —
nunber one is what interface is there — since Boeing
manuf actures both mlitary and commercial aircraft, M.
Slenski and the mlitary has spent a great deal of tine
| ooking at the issues, and | am sure you are famliar
with his report.

What interface is there at the governnent
| evel and the industry level so the nmilitary experience
and the commercial experience, if there are safety
| essons to be |learned we can benefit. Maybe that is
already in place, but | would like to hear nore about
t hat .

W also need to discuss the particular
mai nt enance on the — on the aircraft accident — the
accident aircraft so that we have a full discussion of
the issues. Once again, clearly understanding that
none of these itens at this time — we have any reason
to know that they were the probable cause of this
acci dent .

W do not know that, but we are trying to

di scuss everything in a nethodical way that has been
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done as part of this investigation to try and determ ne
t he cause of the accident. So, please proceed, M.
Swai m

MR W LDEY: Yes. M. Vannoy, | would like
to ask you to just provide us a little bit nore
background, if you could, on the history of the
devel opnent of the methodol ogi es of |ooking at how to
mai ntain airworthiness for the structure.

Could you give us a little bit nore
background on the methods of doing this, such as fail
safe, safe life, and then eventual devel opnment of the
danmage tol erance phil osophy, please?

W TNESS VANNOY: Ckay, | will do ny best, M.
W | dey. The 747 was certified initially under
regulations at that tine which was a fail—-safe approach
whi ch required redundancy, but the anmount of analysis
to substantiate that was fairly mninmal

In 1978 the regul ati ons changed to the
damage tol erance approach under FAR 25-571 and, as |
stated in ny presentation, the SSID Program required us
to go back on those ol der airplanes and do extensive
re—anal ysis of the airplane under the new rules which
did a danage tol erance or crack growth approach
considering a crack begi nning anywhere in the

structure, even when the service history and the | oads
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didn't indicate it was likely to begin.

Again, we had to consider all the
alternatives through very extensive crack growth
studies and predict how long the structure would
survive under various scenarios. That led us into the
requi rement for the SSID Program and nore or |ess put
the 747 on the sanme basis as the newer nodels, 5-7 and
6-7.

so, that required conbinations of visua
techni ques, ultrasonic inspections and identified nmany
requirements on the airplane, and | think | covered
that pretty well in ny discussion on the SSID Program

so, as we —— so, that kind of covers that,
but in general, as we develop a structures problemin a
— and identify some naintenance recommendation for it,
on any individual item we may provide recomendations
to the operator giving them thresholds, intervals,
gui dance.

It may be fairly conplex and it may be fairly
sinple, depending on the structure, the access required
and what it takes to find the crack in the very early
st ages.

DR. LCEB: Excuse ne, Jim for one second.

M. Vannoy, do you know what it was that led to the

change and to the dammge tol erance concept, what
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occurred that led to that?

W TNESS VANNOY: Well, | think it was a
conbi nation of new technology and just trying to do a
better job in general. I think the CAA was
instrunental in pushing that, but within the industry
we devel oped the techniques to do the crack growth
analysis. W didn't have those nethods in the 60’ s
and, so, it was a new concept.

But, the danmge tol erance approach involves a
ot more work up front fromthe analysis side, but it
al so incorporates those requirements into the
mai nt enance program so that for a particular piece of
structure you identify what the opportunities are to
find a crack, and you have to work the inspections of
your nmaintenance program to conform with that. So, you
wi Il have those opportunities.

so, the airline working group is putting
t oget her the maintenance planning for a nodel to have
the results of analytical information available to
them and they have to devel op the naintenance program
to give those opportunities to the operator. So, it
goes hand in hand for analysis, design and the
nmai nt enance program

DR. LCEB: Thank you. Jim go ahead.

MR W LDEY: Are you famliar with the
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classification of fuselage skin as danage obvious or
amount function evident that was pre-Aloha era for the
pur poses of doing the danage tol erance types of
i nspecti ons?

W TNESS VANNOY: On fusel age skin where we
considered the cracking would lead to depressurization
and what we call flapping of the skin?

MR W LDEY: Yes.

W TNESS VANNOY: Yes, | am

MR W LDEY: | guess the question here woul d
be, after the Aloha accident it was obvious that this
classification was elimnated and the fuselage skin was
then incorporated into the SSID Program as far as it
being nore -- it was then had to be inspected on a
routine basis.

Do you think that this type of philosophy at
this tine seens warranted for systens types of things,
or where we have possible latent failures?

W TNESS VANNOY: | amcertainly aware of the
change on the structures side that led to, you know,
putting nore structure and putting skin laps into the
SSI D Program | am not sure that is a good analogy to
use on systens.

I think in nmy discussions | covered sone of

the attributes of systens that they have, you know,
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that are designed specifically for redundancy and to
annunci ate a failure. The system design testing and
the certification we go through is supposed to
consider, you know, all the potential latent effects
that could exist on systens, and we did a very thorough
appr oach.

so, latent failures in systens is sonething
we basically can't tolerate and we — when we identify
those itens to further analysis, service history, or
whatever, we go in an elimnate themw th a design
change and a Service Bulletin, and we have nany
exanpl es on the 747 where systens changes have been
i npl emented on airplanes as a nmandatory — you know,
because they were |atent.

Now, | think the approach we are in today is
that we are going out and being nore proactive and
| ooking for latent failures that we haven't seen
before, or haven't contenpl at ed. I think, you know,
the Fuels Issues Task Group is doing that in the fuels
area to look in grounding and bonding which can be a
latent failure. W are taking steps in that area in
fuel s.

The CGore Conmmi ssion is pushing us towards
doing sone simlar studies in the aging wiring area to

potentially look for latent failures. I think Dr. Dunn
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is actively involved with the FAA on those proposals,

working with Boeing. Maybe he could add sone to ny

comments here about what that programis going to do

specifically, looking for latent failures that we

haven’'t considered or found it for.

MR, W LDEY: This is a good opportunity for

Dr. Dunn. I know you are assigned to respond to the

Gore Conmi ssion’'s recommendati ons.
t hose?

W TNESS DUNN: Yes, | can.

Can you address

Actual ly, |

am

the Project Manager for those activities within the

Aircraft Certification Service.

What we are doing is — |

believe it was

about February of this year that the Wite House

Conmi ssion on Safety and Security nmade a Recommendati on

1-9 that the -- that aging aircraft systens be

incorporated into the Structural Aging Aircraft

Program the one we have heard described previously.

so, the task that we have put together

address that recommendati on, and the Wite House

Conmi ssion has expressed a concern in the genera

of aging systens, as well as the public.

have

is to

area

received coments from various individuals expressing

their concern about aging aircraft systens,

professionals in the field.
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so, what we have done is we have put together
a programto — we have put a programin place where in
June of next year, June 1998, we expect to have the
FAA's recommendations regarding aging aircraft systens
ready for the Adm nistrator.

DR LCEB: Do you contenplate a program al ong
the lines simlar to or nodelled after the SSIP Program
for structures for the systens area?

W TNESS DUNN: The intent is that by June of
next year that we will be in a position to make those
recommendations . \What we are doing currently is just
going out, and we are going out into the field, and we
are | ooking at our processes to see if our processes
that we have in place regarding design approvals and
continuing airworthiness are adequate.

so, in that regard what we are doing is we
are going out and we are going to actually |ook at sone
of the sane fleet, aircraft that are in the current
Aging Aircraft Program

CHAI RVAN HALL: Can | -- can | ask for a
clarification of one thing? Wen we talk about
systens, is a wire a systenf

WTNESS DUNN: No, a wire is -- would not be
considered a system

CHAl RMAN HALL: VWhat about a wire bundle?
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WTNESS DUNN: No, it would be — a wire
bundl e and wires --

CHAI RMVAN HALL: What does Boeing consider the
150 mles of wire in a 747? Do you have a -- you know,
just wire, or is it part of a system or —

W TNESS VANNOY: Al wiring is parts. The
wire constitutes a part of the system material. It
supplies the energy or the indicating — but, it is
part of a system

CHAI RMAN HALL: It is part of the electrical
system of the airplane?

W TNESS VANNOY: That is correct.

CHAI RVMAN HALL:  No?

W TNESS DUNN: Well, no, not necessarily.

CHAI RMAN HALL: | just -- you know, if we are
| ooking at systens, | -- and we are tal king about
wiring and we have got - we have had sone di scussion
about wiring. | amtrying to understand from a

| ayman’ s standpoi nt where does the wire fit into the

syst enf

WTNESS DUNN. M. Thomas, | think, can add
to this.

W TNESS THOVAS: Yeah, let ne try alittle,
M. Chairman.

CHAl RMAN HALL: Then | believe Dr. Dunn wants
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to pop in, too, M. Thomas, but please proceed.

W TNESS THOVAS: I was just -- fromny
vi ewpoi nt, the airplane has nunerous systens on board.
They have hydraulic systens, fuel systens, electrical
systens, air conditioning systens.

W use a large percentage of this 150 mles
of wire to transfer energy and information around the
airplane. So, a given wire bundle, or a piece of a
wire bundle — the FQ S one is the one we have used a
ot -- would be part of the FQ S system and therefore
part of the fuel system

But, power, feeder lines, they cone fromthe
engine or just part of the power systenms, or any wre
on board the airplane is going to be considered to be
part of a system So, when you talk system you
automatically include all the wiring in the airplane.

CHAI RMVAN HALL: Wiere all those wires run
together that | described yesterday, and they are
bundl ed together, do you |ook at the inpact of one
systemon another, or in terns of failure?

MR SWAI M I think that would be a question
really for M. Taylor. M. Taylor is a specialist in
wiring and has been with Boeing for many years.

W TNESS TAYLOR The answer to that question

is absolutely. Each system anal ysis takes into account

CAPI TAL HI LL REPORTING, | NC.
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

954
the fact that the wires in that system have been run in
a wre bundle with wires from another system and if
there is any contention or feeling there can be
interplay between them that a separation of that
wire -- these wires for the systeminto another wre
bundl e, the assignment of wires into wire bundles is a
result of a system anal ysis which nakes sure that those
which need to be separated are separated.

There are various degrees of separation for
different kinds of threats which then allows the wres
to be put in a bundle where they will not be affected
by that threat.

CHAI RMAN HALL: And you do a — one of those
fault tree analysis, or whatever we were tal king about
yest er day?

W TNESS TAYLOR Yes, systens anal ysis people
do them

CHAI RMAN HALL: SO if you assume that the
wire was frayed or becane corrosive or abrasive, you
woul d |1 ook at the inpact of one wire?

W TNESS TAYLOR OQpen circuit, a short
circuit, what would the inpact of that be in the system
and the other wires in that bundle. If it would of fend
any of them then it is placed in another wire bundle

so that it will not have any affect on them
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I think if you think of your body, and as a
person you think of your veins and your arteries which
connect your various subsystens, the veins and the
arteries that are like the wire —

CHAI RVAN HALL: Vell, | think, M. Tayl or,
that is why nost Anericans are concerned about the
subj ect of aging aircraft, because they all have aging
systens. | know mine is. | have to — it costs ne a
ot nore to maintain it now than it did.

so, | think that is why it is a concept the
Arerican people can understand, and | think | just want
to -- | think what we are trying to grasp here is what
has been done about it in the past, and maybe what we

are doing and what has been done in the past is

adequat e.

But, are there any things — as we all know
that there is the fleet. The statistics show that we
are going to have older - a larger nunber of the fleet
will be older airplanes. So, what is being done?

M. Vannoy did a very good job of |aying out
what is being done in the structures area, and | guess
obvi ously now what is in systens. Do you think
additional things need to be done in wiring, or are you
| ooking at other things from a Boei ng perspective?

Since you are the electrical and wring
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expert, as your fleet gets older are there other things
that you think would be -- you would recomend, or
woul d be — Boeing would be | ooking at?

MR, TAYLOR The answer to your first
guestion about do you think there are things that
shoul d be done in wring. It has been our philosophy
in Boeing that we should always be |ooking at the
wiring to see what we could do to nmake the wring
better.

We understand that the wiring is not perfect.
W have done an enornous anount of research to try and
put the best wire that we can get onto the airplane,
but we also understand the fact that the airplane
environment may have sone affect on the wire that we
haven’'t understood at that point in tinme.

so, we are continuously looking at wire
bundles in the aircraft to see how they are behaving,
what is happening, and then that is fed back so that
when we conme to the design of the next airplane we take
that into account.

CHAl RVAN HALL: Thank you. Il will let Dr.
Dunn coment, and then I will turn it back to Dr. Loeb
| apol ogi ze.

W TNESS DUNN: Yeah, | -- the only thing

can say is there are sone — there are regulatory
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requi rements which do — which actually are given that
insist that the manufacturer |look at the interactions
of systens. So, it relates to wire bundles where you
have nore than one systemin the sane bundle wire, if
you will.

They are required -- there are regulatory
requirenments to look at the interference and possibly
interactions and failures between those various
systens.

DR LCEB: In devel oping this program that
you are |ooking at and devel opi ng now for aging
systems, is wiring going to be an inherent part of that
effort?

W TNESS DUNN: | am gl ad you asked, Dr. Loeb
W are going to look at all systens, and all systens is
basically anything outside the primary structure which
was the focus of attention under the previous
Structural Aging Aircraft Program

Systenms would be things |ike punps, valves,
wiring. Actually, | would refer to these nore as
conponents, if you wll. Tubi ng, | andi ng gear,
engi nes; these are all considered in the context of the
study as systens.

DR LOEB: SO it will include wring?

W TNESS DUNN: Yes, nost definitely.
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DR LCEB: Right, now - and | think the
point I would -- | would like to explore a bit is the
kinds of things that M. Vannoy pointed out, and I
think it was the second to the last graph that you had
put up, the ADs, ESB'S, all of the things that are
done when you find systens problens.

Al'l of those things were done when we found
structures problenms that pre-dated when — before the
SSIP cane into existence and then before the changes
that occurred after Al oha.

so, | recognize that there are progranms to
address problens that arise in the systens area, but
there were also prograns that were there to address
probl ens that arose structurally prior to the SSIP.

Nevert hel ess, at sonme point, because of
experience, because of history, it was determ ned that
a program specifically to address aging airplanes,
airplanes that were -- that were going to live beyond
their design service life was needed to be done, and
part of that program was to identify the critical
items, those itens in which you could have a
catastrophic failure if they weren't addressed properly
and so forth.

| guess, M. Dunn, ny question is, is this

what we are going to do in the systens area, sonething
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simlar to that? After Al oha, even though there was
this very excellent program the SSIP Program that had
existed for many years prior to Aloha, that the FAA did
ask as a result of the task force and so forth for the
manuf acturers to go back and re-evaluate all of the
structural conponents of the airplane, to re—exam ne
and determ ne whether new critical conponents needed to
be addressed and so forth, and there were a nunber of
AD s that resulted from that.

My question is, are we doing sonething |ike
that in the devel opnment of this program to address
agi ng systens?

W TNESS DUNN: What we are doing in order to
come to this plan that we want to put together by June
of next year, and a set of recomendations associ ated
with that plan, is to look at our processes, see if we
have adequate processes in place, look at the way we do
mai nt enance, |ook at the way we -- the tools our
mai nt enance people have, the training they have.

As we have nentioned earlier, we have a
continuing airworthiness program which is there to
address aging systens, if you will. However, we are
not sure that we have all the answers and that we — we
want to nmake sure our processes are adequate, because

it relates specifically to an exact outline of a
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program that you nentioned for the structural. W are
not there yet.

DR LCEB: Yeah, mnmy point is that there was
al ways a continuous airworthiness — a continuing
ai rworthiness program that existed for structure.

W TNESS DUNN: W have had conti nui ng
ai rworthiness progranms, and you have to keep the
ai rpl anes ai rwort hy. Neverthel ess, there was this
enor mous devel opnent that went into this program that
addressed structure, and after Al oha conbined corrosion
and fati gue.

W recognize there is a continuing
ai rwort hiness program for systens. The question now is
t hese systens are -- as they age, we are |earning sone
t hi ngs about them just |ike we |earned about the
structure.

MR SWAI M Is that kind of |earning process
that we went through in the structural area going to be
applied to systens, or are we just not going to learn
to use what we have already |learned in the past?

W TNESS DUNN.  Again, what we are going to do
is spend this year to look at it — look at the scope
of our problem and our policies and procedures. At
that point, then we will decide whether a program akin

to the structural programis needed.
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CHAI RVAN HALL: Ckay, let’s proceed, M.

W | dey.

MR, W LDEY: Yes, ny thought at this tine
woul d be to ask sone of the other panel nenbers if they
have any coments on this subject. M. Slenski, do you
have any insight you mght add in ternms of what the
mlitary mght be doing on this?

W TNESS SLENSKI : Vell, there is two
approaches | can take here. | can talk generally, or
the presentation | did have was tal king about wring
failure nmechanisns, and | will show you field failures
and how wire fails.

CHAl RVAN HALL: Well, why don’t you give us
bot h appr oaches.

W TNESS SLENSKI : But, naybe we need to do

that first, if that is okay, because | think once |
show that, | think it will be a little nore obvious in
nmy other comrents. So, | guess we can get the first

slide up here.

(Slide shown.)

This basically was a request to discuss
wiring and cable failure mechanisns in aircraft, and
this was actually a presentation | did recently. Just
this, again, says where do we fit in this and how did

we get invol ved?
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Basically, | ama failure analyst. | get the
conponents into the lab and we analyze it and provide
reconmendati ons back to the users and operators of the
systenms. So, first —

(Next slide shown.)

The next chart here we will get into nore
detail . This is the -- what we call wiring the system
W go out to procure an aircraft, we will have a trait

study done possibly on the type of wire insulation
selected, how the wiring is installed in the aircraft,
and | think at this point we do consider it to be a
systemin itself because it has becone so inportant,
and that now we do have fly-by-wire aircraft and the
wiring is a -- the failure of wiring in sone situations
can affect the operation of the aircraft in flight.
so, it has becone nore of a critical system

Take a | ook at the upper left there for a
nmoment (indicating) . This is typical wiring in a
fighter aircraft. If you could zoomin on that?

(Next slide shown.)

As you can see, there is quite a bit of
Wi ring noving back and forth in there in that aircraft.
There is — these bundles are alnost like tree trunks
in the aircraft, and one of the problens of inspection

is every tinme you disturb that bundle you can induce
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nor e damage.

That is -- a problemwe run into is how nuch
i nspection do you want to do on good wire, because in
the process of inspecting it you can cause nore danage
in that process.

If we go to the lower right corner, this is
i nteresting. This is wiring out of an aircraft that
had been retired that is actually sitting in the desert
in Arizona. If we zoomin on that, this is one of the
problenms with wiring.

(Next slide shown.)

Sone of that wiring is actually saturated
with hydraulic fluid, so the wiring sonetimes lives in
fairly severe environnents. W talk about aging
problens and fluids. W do design wire to be exposed
to all types of fluids; hydraulic fluid, jet fuel,
water, and we do run tests to determ ne how | ong wres
can live or survive in these types of environnents.

This is just an exanple of this. You do see
these types of fluids on wires, and they nay exist for
quite a long time on the aircraft. So, that is how we
approach, as far as the Air Force.

W do consider the system and we do realize
wire is exposed to fluids. W actually have tests to

determine how long wires can last in these environnents
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when we nake determ nations for the aircraft.

Typically, the aircraft wiring age is tied to
the air frane, and when we replace wiring typically it
is nore for upgrades. Avionics, or electronics in the
aircraft, as you are aware, change rapidly. Many tines
we go in there and replace wire because of upgrades and
modi fications .

DR LCEB: Have you determined in these -- in
your | ooking at these issues at any tine where wring
was deteriorating in a shorter period of tinme than the
life of the airplane and made specific changes as a
result?

W TNESS SLENSKI : Yes, and | will show you
the exanple in the next slide on that. If we can have
the next slide, please?

(Next slide shown.)

Since we nentioned that, if we go to the
| ower right corner. This is an exanple of wring, and
this was due to chem cal degradation that occurred
fairly prematurely in the life of this system

Basically the wire was exposed to al kaline
materials, and these are basic solutions, and that
actually attacked the insulation ans degraded its
mechani cal properties, and we had cracking and arcing

fromthat situation
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That was -- basically, in this situation gun
gas is in the aircraft for getting near the wre,
form ng potassi um hydroxi de, and that was attacking the
insulation which in this case was polyamde, and it is
a known problem that polyam des and high al kaline
cl eaners and various conpounds wi |l degrade the
properties of that material. This is a situation where
we found that, and we have taken corrective actions.

If we could go up to the upper right
(indicating) . I think this is an interesting exanple,
and this is an inspection. Actually, | was on sone
aircraft where we found a broken w re—exposed conduct or
during an inspection.

Typically, when we are looking at wiring and
you get into this inspection issue, nost of your danage
is within about six to twelve inches of your connector,
and why that happens is because that is where nost of
the maintenance is perforned where you are noving |arge
boxes of avionics out, or you are noving the wire
bundl es.

That is the type of wire that would see the
nost of the danage, because nost of our studies have
shown chaffing. Mechanical damage causes nost of our
probl ens to our wiring.

What is interesting here to note is you have
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got this exposed conductor there. However, that wire
is perfectly happy to sit there until there is a
nmechani sm to cause a | eakage current and — or a short.
To make that happen, another wire next to it has to
have an exposed conductor, or that exposed conductor
has to cone in contact with the structure.

That can be intinmate contact, or through a
conductive solution that may form between that wre and
anot her conductive surface. So, this is an exanple
where actually this wire could go until its life and
never have a problem as long as another wire, or there
is an opportunity for a path to conplete this
electrical circuit here.

DR LOEB: SO that requires nultiple
failures for sonething untoward to happen?

W TNESS SLENSKI : That is correct.

DR LCEB: However, one of them or two
failures, could be latent for a long period of tine
resulting in only one failure at that point, creating a
pr obl en?

W TNESS SLENSKI : That is correct, and that
is the difficulty, I think, as we — say, devel oping
t hese aging prograns, is when do you take action when
you are having these types of issues cone up? But,

this is an exanple of the --
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CHAI RVAN HALL: M. Slenski, does the Air
Force have a life span for a wire?

W TNESS SLENSKI : Currently, our life span of
wire is the air frane, but we do continuously nonitor
wiring, look for -- what I would -- the word | think I
would like to use here is wiring integrity. W try to
maintain the wire integrity.

| f that requires inspection prograns, anti-
chaff prograns, awareness — because, again, a lot of
times the wiring problens we are seeing are chaff
related due to handling during nmaintenance or have
maybe even been during initial installation

W try to nake sure the people working on the
aircraft and maintenance troops are aware of wring
probl ems, how the wire fails. They coul d | ook for
these types of damage sites during normal maintenance
of avioni cs.

Typically, again, you are not going to get in
there and disturb the wires. Wen you may see it,

t hough, is when you are renoving other avionics for
either nodification or repair. You need to go ahead
and look at the wiring at the sane time to see if there
is any problem areas. So, we ask people to do an
overall inspection when they are in the area of the

aircraft.
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DR LCEB: But, right now the Air Force

treats wiring essentially |ike the conmmercia

counterpart, and that is for the aging — for the life
of the airplane they assunme the wiring will be okay?
W TNESS SLENSKI : In nost cases, but the

reality is as we upgrade our systens we nmay actually
require — actually replace conplete wire bundles in a
system nore for upgrade purposes than because we have a
degradati on probl em

But, our instances where if we see a problem
we will actually replace the wire in the aircraft, and
there are prograns |ike that going on today.

DR LCEB: M. Slenski, what is an average
age for an Air Force airplane, or what do you consider
an ol der airpl ane?

W TNESS SLENSKI : That can be quite
considerable in age, but that is an interesting
guestion because the earlier photo I showed you was
from sone of our fighters that have been retired with
around 7,000 hours of flight tine, and they were
fifteen to twenty years ol d.

However, we have got cargo aircraft and
transport tankers that are well over thirty, forty
years old, obviously, in the fleet, such as B-52’s.

That is a fairly old aircraft, and we are going to be
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flying those aircraft for quite sone tine.

There are fairly aggressive prograns, as we
have heard from Boeing, to nmaintain these systens and
| ook for reliability issues and upgrade the systens and
mai ntain all systens’ bonding.

Maybe | can even answer one of the questions
yest er day. You asked about quality progranms that we
instituted. After having discussion on the phone this
nor ni ng, where that canme out of, we had some incidents
on the KC-135, sone wiring related problens associated
with the fuel system

As a result of that we now have phase
i nspection of the wiring in that area, and we are
actually going in there checking bondi ng neasurenents
occasional ly. There is a phase -- there is actually a
formal process for that now So, depending on the
system each system has its own unique requirenents.

DR LCEB: Ckay, do you --

CHAI RMAN HALL: That KC-135, is that a Boeing
aircraft?

W TNESS SLENSKI : That is correct.

MR SWAI M Do you find your ol der transport,
or B-42’s, or whatever, are they up in the sane tine
zone hours of flight as our higher time civilian

ai rpl anes?
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W TNESS SLENSKI : I don’t think anywhere near
it. Qobviously, the mlitary flies different types of

m ssions, so we have no where near the flight hours on

our aircraft. Qbviously, it is nore the physical age.
Chronol ogi cal age, | should say.
so, as an exanple, | was nentioning those

fighters only had 7,000 hours on them over a fifteen,
or twenty year period. That is actual flight hours, so
nost of the life of a ot of the aircraft is sitting on
the ground, possibly in alert status.

MR SWAI M Sitting on the ground they go
t hrough regular -- I|ike block-up grades, and can you
explain maybe a little of the depot or block—-up grade
type --

W TNESS SLENSKI : Every aircraft does have
phase inspections where | think, as Boeing pointed out

earlier, there is different inspection phases, and | am

not an expert in that area, but | do know we send —
there is maintenance done in the field and in -- every
SO - so many years and, again, it is system specific.
The aircraft will be sent back to a depot for
nore maj or overhaul on all systens. | can’t give you
that detail. | amsure | can find that information if

you need that, but it will be by per system depending

on the type of aircraft.
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CHAIRVAN HALL: M. Wldey, either M.
Taylor, or could M. Slenski address this subject of
what type of wire was on the accident aircraft and what
wiring is now used in comrercial aviation?

MR, W LDEY: | think M. Taylor would be npst
appropriate for that.

W TNESS TAYLOR On the TWA acci dent
aircraft, the type of wiring was a wire comonly
referred to as pol yex. It is -- and the Boeing
specification nunber for that is BM5-1342. BMS st ands
for Boeing Materials Specification, and 13 indicates it
is an electrical material. That was the general
purpose wire used throughout the aircraft.

When you go into the design of a new
aircraft, one of the things you want to do is try and
sel ect a general purpose wire which will be used as
much as possible throughout the aircraft and serve all
the needs of the mpjority of systens, and then the
speci al systens get special purpose wre.

The general purpose wire usually constitutes
about ninety percent of the wiring in the aircraft.
That wire is selected -- we go to that product to
select a wire which will neet the requirenents of nost
of the systens so that we mnimze the differences in

processes that wire bundle assenblers and mai ntenance
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people will have and, you know, reduce the nunber of
tools that they will have to have in order to nake the
wire bundles and to service the aircraft.

The fewer processes they have to deal with,
the fewer changes of tools they have to do, the better
the job they will do and the nore reliable will be the
wire harness. So, that is why we attenpt to use one
wire type to satisfy the needs of all the systens.

CHAI RVAN HALL: Is that the same wire still
used on the 400 series?

WTNESS TAYLOR No, the wire that we use in
the 400 series is a totally different wre. It has a
different chem cal conposition and it is a BVM5- 1348
which is a cross—-link ethylene — tetrofluoroethyl ene
insul ati on system and we have had that wire on the 747
for many, nmany years now. It has been an excell ent
performer.

CHAI RMAN HALL: Wiy did you change from the
polyex to that wire?

W TNESS TAYLOR: The reason we changed from
pol yex was because the nmanufacturer of polyex stopped
manufacturing it. One of the polyners that were
necessary to nake the insulation was no |onger nade and
t hey discontinued it.

MR. WLDEY: M. Slenski, | know that you
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have a couple nore view graphs to show ne, and you w ||
be getting into types of danmage to the different kinds
of wire. Wien we get to anything that can apply to

pol yex, would you please point that out?

W TNESS SLENSKI : I will point that out to
you . If we can go back to the --
MR WLDEY: M. Slenski, may | interrupt?

Before you continue, you nentioned that the Air Force
has a programto nonitor the wire -- condition of the
Wi res. Could YQU -- is this just a visual inspection,
or what is the programto nonitor the wres?

W TNESS SLENSKI: As | said, this tine it is
pretty nuch a visual inspection, although there are
sone attenpts where you can electrically make
nmeasurenents if the aircraft is back at the depot where
you can actually disconnect a connector, you could put
a device on there to nake |eakage current neasurenents
to see if you have a short in a wire bundle at sone
| ocati on. But, that typically would only be done at a
depot .

Now, we are |ooking at prograns that we call
non—destructive inspection that allow us to find sone
faults in wiring, and there are several prograns out
there that are attenpting to do this. I will discuss

one of those in a few nonents here, and we can show a
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chart on that on what we are actually trying to do with
Wi ring.

MR W LDEY: Before we | eave the view graph
that you have got up there now, though, this is a
defect in the insulation of the wre. The wire itself
is intact. Wuld sonething like this be detectable if
it wasn’t visible to sonmeone who just happened, maybe,
to see this?

W TNESS SLENSKI : This would not be because,
again, the wire - as long as it is electrically
still — there is integrity there as long as there is
no | eakage current there, and obviously you have to be
able to see this and expect that it would have to be
exposed.

There are techniques out there, though, that
can find this type of damage, and | wll show you an
exanmple of that here in a few nonents. They can
actually detect this type of a problem very easily.

MR W LDEY: Thank you

MR SWAI M Before we |eave this, you
nmentioned the Air Force has an anti-chaff program and
ny question is, is that the same as your on condition
mai nt enance?

W TNESS SLENSKI : It isalittle bit

different. If you recall, one of the inmages | had
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shown in a previous slide was off a fighter. In very
smal|l airplanes, quite a bit of wire packed in those
aircraft. There is tight spaces. There is nore
opportunity for chaffing and novenent of w re bundl es.

so, in our smaller aircraft we have nore
aggressive anti-chaff programs than in a transport that
has much nore space on it, so to speak, for wring.

MR SWAI M Ckay, so | would like to go back
to M. Taylor representing the manufacturer. The 7-4
is a big airplane, but it has got a |lot of tight
spaces. Do you have an anti-chaff program set up for
the 74772

W TNESS TAYLOR. W do not have a program
that is specifically titled “anti-chaff.” First of
all, we address the chaffing issue mainly in the
desi gn. Chaffing begins in the design.

If you design the aircraft properly and you
make the wire bundles properly and you install them
properly, put clanps in the right places, put the right
kind of clanps in place with the right spacing, tie the
bundl es correctly, then you will mnimze the
opportunity for chaffing to occur.

so, that is the first area where we think
that the attention should be placed.

CHAI RVAN HALL: What is your service history,
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M. Taylor, over the thirty years in regard to
chaffing? |Is that -- have you found evidence of
chaffing being a problen?

W TNESS TAYLOR: W have had evidence of
chaf fing. In fact, if you -- if one were to | ook at
the service letter that M. Vannoy referred to, we went
out and we |ooked at various 747 s throughout the
world, inspected them

W cited incidents of chaffing that had
occurred and we then put it into a service letter and
sent it to all the airlines with anple illustrations
showi ng what was occurring and giving them — giving
them not instructions, but telling them what they
shoul d be | ooking for and what they should do to
i nprove it.

W did have a chaffing problem on the 747-100
with polyex in the initial installation. The pol yex
wire was the first wire where we had gone from
i nsul ation systens |ike PVC, which are soft |ike boiled
spaghetti, and we went to polyex wire which is a thin
i nsul ation for weight-saving — one of the reasons we
did it was because of the constant pressure on al
systens people to mnimze the weight of the system

For wei ght saving purposes we went to a

smal l er insulation system a lighter insulation system
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and in order to get the sane characteristics in the
life of the wire, it is a — it is a tougher materi al
It is harder, and initially when we changed over we
used the sane installation techniques that we used for
the softer wre.

The polyex wire has -- 1 think a banjo string
may be a good anal ogue to the polyex wire versus the
softer wire. As a result, when we installed it we
didn’t notice when we put it on, and when we put it on
in high vibration areas we did get chaffing. That
occurred after about 5,000 to 10,000 hours of service
life.

I medi ately we got reports back fromthe
airline operators that we were getting a succession of
chaffing problens on the |eading edge of the w ng and
on the struts. W put together a program where we
anal yzed what woul d happen and canme up with a re-
desi gn.

We put together kits. W sent out a Service
Bulletin to all the airlines alerting themto what was
going on. So, we had kits put together and sent them
the whole kit so that they could re-wire the -- re-wire
t he airplanes.

Now, in these kits we used a different kind

of clamp. W changed the tie string spacing. W j ust
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changed the installation so that we — it was
conpatible with the type of wiring that we were now
usi ng. This was a | earning experience which we and
ot hers went through.

Once we learned that, then we incorporated it
in the wiring design from then on. So, we are
constantly inproving the wire design so that we can
take care of changes in technology as they cone al ong.

CHAI RVAN HALL: | assune that Service
Bull etin becane an AD?

W TNESS TAYLOR: | don’t know whether --
think the --

CHAI RVAN HALL: Dr. Dunn, do you know if --
or, M. Crow, whether that —

MR SWAI M I am aware of a chaffing AD that
we had on sone of the fuel system wring.

CHAI RVAN HALL: Well, if we could find out
and provide that for the record, | would appreciate it.

W TNESS TAYLOR This was nothing to do with
fuel service -- fuel systemwring. This was totally
and distinctly conplete from fuel system wire. So,
that is really the only chaffing problem we have had
t hat does not occur in a random type of pattern.

MR RODRIGUES: M. Chairman, from the Boeing

t abl e?
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CHAI RVAN HALL: Yes, sir.

MR HUGHES: That Service Bulletin was not an
AD.

CHAl RVAN HALL: It was not an AD?

MR HUGHES: Correct.

CHAI RVAN HALL: kay, thank you. Well, that
is a very conplete answer, M. Taylor, and one that was
wel | under st ood. Thank you.

DR LCEB: Before you -- just one additional
guestion on the polyex, M. Taylor. Have you in your
experience with polyex found other problens, other than
this chaffing problem due to the vibration?

W TNESS TAYLOR We have found that polyex
has two other attributes that we preferred it not to
have. One of themis the polyex wire is constructed --
it has a three-layers of material. The inner layer is
about five thousandths of an inch thick of polyex
materi al .

Then there is another |ayer about the sane
t hickness, and then there is an outer |ayer which we
call a top coat. It is white, and one of its purposes
is so that we can put a mark on it that — so that
people can identify that wire bundle.

It is a unique wire for that -- sorry -- a

unique mark for that wre. Every wire on the airplane
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has a unique identifier, and that is one of the
purposes of that white top coat. W have found over
the years that that top coat tends to separate from the
outer layer and you get flaking occurring. That is one
probl em

DR LCEB: Is that because, you say, of the
mar ki ng process?

W TNESS TAYLOR It has nothing to do with
t he marki ng process. It is an adhesi on probl em between
the top coat and the outer layer, and through tine the
adhesion — it separates. That occurs randomy. It
does not occur in large flakes, or anything |like that.
It is just randomy.

The second problem we have had is we have
seen occurrences of cracks, radial cracks. If you were

to take sonething like that an bend it (denonstrating),

you woul d see a crack across it. W have seen
occurrences of that. That, again, occurs on a random
basi s. It usually occurs in a place where there is a

bend radi us.

W try our best to utilize the space as best
we can and rmake them — keep the bend radius to a
maxi mum and not to a mnimum W try not to just stuff
it in there, but organize it so we that we use the best

bend radi us.
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W have also seen it in sone places where it
i s di sconnect ed. The connector has been used to
di sconnect from equi pnent which is renoved readily, or
often just at the back of the connector.

DR. LCEB: These cracks are just through the
top layer, or --

W TNESS TAYLOR: The cracks, depending on the
anount of stress that has been put on them can go
t hrough just that top coat. It can penetrate the outer
coat, and sonetines there is evidence that they have
penetrated the inner coat.

The design of the wire with the two |ayers of
it is specifically designed so that if you stress the
outer layer and it does crack, the crack will not
propagate into the second | ayer. You will always have
an insulation system

The other thing about these cracks is that
they -- even although the crack is there, they are very
cl ose. They are as close as ny fingers together so
that when they are in the aircraft, even though the
wire is cracked there is no exposure of the conductor
to a fragnent of netal, or to any other piece of
structure.

DR. LCEB: Wiat about at bends, though? Have

you found any of these cracks at bends where the wire
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is stressed where the insulators are —

W TNESS TAYLOR I have not seen any |ike
t hat . | have inspected 747's, | have | ooked at the
| eadi ng edges of the wings which is a pretty severe
environment, and the — | saw on one airplane one crack
just at the back of the connector.

It so happens this airplane was in service,
and | was not about to disconnect that connector to
detect whether or not the crack actually --

DR LCEB: Is this cracking phenonmenon in any
way associated with aging, or just — well, you know.

W TNESS TAYLOR The cracking is associated
with aging in a specific environnent. If you have a
humd -- not a humd, but an environnent where you have
a high Ph type of fluid and a tight bend radius,
eventually the fluid will contribute to the cracking by
the effect of hydrolysis as to | oosen the bond between
the nolecules, and then eventually a crack wll appear

But, as | say, the crack is a line and not a
gap.

DR LCEB: Does your experience with a VM-
1348 show that it is a superior wiring to the polyex?

W TNESS TAYLOR In terns of aging, it does
not have any of the characteristics of the polyex. It

does not have a top coat on it, for exanple. [t has
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two layers, the sane idea, so that any stresses on the
outside will not be transferred into the inner [|ayer

The cross link tepsel is inpervious to fluids
and, so, we don’t have this problem of hydrolytic
attack by fluids. So, it is a better perforner. It is
an excellent wre.

CHAIRVAN HALL: M. Taylor, could | ask —
and et ne be sure — ny understanding is on the
accident aircraft that the polyex wire was used in wire
runs adjacent to the center wing tank fuel quantity
indication systemwring, and that polyex was used for
the fuel punp wring.

Did you do a failure analysis on that systenf

W TNESS TAYLOR: | have not been involved in
any of the failure analysis conducted on the TWA
ai rpl ane.

CHAI RMVAN HALL: Are you -- in your history
with Boeing, are significant wiring bundl e maintenance
failures copied so they are reported to Boeing by the
airlines and conme up through the system that was
described to us yesterday?

W TNESS TAYLOR Yes, the wiring failures are
reported. The nost significant -- the effect of the
failure, the nore rapidly the failure is reported and

the nore rapidly sonething is done about it, as M.
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Vannoy descri bed.

Usual |y what happens is that when a wring
failure is reported, it is also reported back into our
standards organi zation, and we will look at it and if
we recognize it as being of a pattern we have seen
before, we will add that to the list and we wl
al ready have done sonmething to solve that problem

If it is a new problem the first thing we
will do is ask the airline to send that particul ar
pi ece of danaged wire to us so that we can make an
analysis of it and then do sonething about corrective
action if we need to do it.

One of the najor problens is that if wre
damage is discovered on an airplane which is in
service, the necessity to get that airplane back in
service overrides the attention of the nechanic to
carefully store the wire and preserve the evidence so
that he can send it -- he or she can send it back to
us .

so, in many cases, we do not get the wre
back and, so, we are unable to really do a proper
failure anal ysis. But, in many cases we do.

CHAI RMAN HALL: | guess that leads nme to the
question, Dr. Dunn, in looking at the Wite House

Conmmi ssion’s recommendation, are you going to be
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| ooking -- going out and physically inspecting the
airplanes, or just |ooking at records?

WTNESS DUNN: No, sir. W are going to go
out and physically look at the aircraft. W have
systenms engineers who will be acconpanying us as well
as nai ntenance personnel and research people within the
FAA, as well as possibly, depending upon the area of
interest, industry experts to help assist us in |ooking
at the systens in the aircraft.

CHAI RVAN HALL: Thank you. M. Swain? Ch, |
am sorry, M. Cow and M. Slenski, you have conments?
| am sorry.

W TNESS CRON  Yes, sir. For the record |
would like to share sonme information that nay be
hel pful to the Board. It may be hel pful to the
American people in understanding that there are two
processes that are at work in the design and the
operation of an aircraft.

One of themis the design criteria, and at
the present tine, as | have listened to our
di stingui shed witnesses and others that have given
testinony, nost of the testinony that | have heard thus
today is regarding design criteria and not continuous
ai rwort hi ness requirenents.

One of the things that I would like to offer
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to the Board for a full understanding of some of the
problens that you are very interested in -- and we are
in Flight Standards very interested in this also —
wiring; some of the |argest concerns that we have in
wiring are the events that occur during routine
mai nt enance and the changi ng and nodification of
aircraft.

I woul d suggest to you, not as a Flight
Standards opinion, but it is ny opinion that nost of
the problens that we have regarding wiring are the
results of two things, aging and foreign object
intrusion such as hydraulic fuels, et cetera.

But, one of the other nobst probabl e causes of
danmage to wiring is the maintenance activity that does
occur around them One of the initiatives that we have
in Flight Standards right now, as we speak we have a
lot of the carriers that are installing snoke detection
and fire suppression equipnent in the cargo
conpartnents.

One of the initiatives that we have in
particular is standing side by side with our
certificate holders watching the prototypes of those
things going in, and one specific area of observation
and concern is when we are working in close proximty

to an existing wire bundle to nmake sure that those
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things do not have contraindications, one on another,

and cause a chaffing concern.

Over the years -- and | share sone experience
with these other gentlenen. In forty years of aircraft
mai ntenance in various levels of responsibility, | have

noted often that it is the nodification of aircraft and
the mai ntenance of aircraft after the aircraft is
delivered to the certificate holder, or to the Ar
Force in this case, that the damage to the wring
occurs as a routine thing, concomtant and existent
with the maintenance activities in the nodification of
t he airplane.

so, | would suggest from a Flight Standards
perspective that we spend an awful ot of tinme, as we
are doing currently, looking at those nodifications and
| ooking at those things that do disrupt the wre
bundl es going through the airplanes. Thank you, sir.

CHAI RMAN HALL: Thank you. M. Craycraft,
you have forty-one years of experience. Wuat has been
TWA' s experience with polyex and the wiring of the 747?
Do you have anything you would want to share with us?
| assunme -- you have been a hands-on person, right?

W TNESS CRAYCRAFT: Yes, sir.

CHAl RVAN HALL: Yeah.

W TNESS CRAYCRAFT: The wiring on the 747 on
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the TWA fleet has not really been a continuing problem
ar ea. The odd tinme we would have an individual system
that will have a chaffed wire, and oftentinmes that is
because of a broken clanp or sonmething of that sort,
that will allow a wire bundle to sag against structure
and chaff.

The result there is either you get a false
indication of a light in the cockpit, or a systemw/|
not work, or you will pop the circuit breaker
dependi ng upon the extent to which the wire is
contacting the structure.

Again, | say that has been nost rare as far
as the 747 is concerned, that we have not had the
problens with the polyex wre. Qur earlier airplanes
were wired with a wire that was precedi ng pol yex and
sone of the — sone of our aircraft do have the polyex.

I was with the NTSB team when we were at NASA
Labs, and we observed sone cracking of the insulation
on the — sonme of the wiring that was brought there.
None of this was wiring that was in the fuel quantity
system That is an entirely different type of wre
that is being used in the FQ S wiring.

so, any of the problens we are describing
here do not relate to that in any way, shape, or form

CHAI RMAN HALL: Could you tell us -- or, M.
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Taylor tell us about the wire in the FQ S system so we
know t he difference.
W TNESS CRAYCRAFT: I will defer that to M.
Taylor, since he is the wire expert.

DR LCEB: Wll, before you do, | would just

like -- some of that polyex wire is routed, though,
along with FQS wiring; is that correct? | nean, FQS
wiring is routed in places in common with — in the

same wire bundl es as pol yex?

W TNESS CRAYCRAFT: There are sone |ocations
where they are in a common bundle, and there are other
| ocati ons where the fuel quantity wiring is routed in a
separate clanp away from the other bundl es.

DR LCEB: Ri ght, thank you.

W TNESS CRAYCRAFT: But, what we received
there at NASA Labs was a ball of wire wapped up in a
box, so who knows what was bundl ed next to what. But ,
none of the wire that we exam ned there showed any
evi dence what soever of arcing.

There was sone cracking, but as Al ex had
described, the crack was just a mnute crack
circunferentially around the wire, and you had no | oss
of protection of that wre.

CHAI RMAN HALL: Thank you. M. Taylor, if

you could explain the difference to us, and then we
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will go back to the Technical Panel, since —

W TNESS TAYLOR Well, actually, this picture
behind nme illustrates the type of wire that is in the
FQ S system The conductors are - the conductors you
see in the center are copper, they are silver plated.

The outside insulation you see is teflon, and
teflon is -- you all know how well teflon does as a
bearing surface, et cetera, et cetera. So, it is a
very, very good insulator, it is extrenely resistant to
any kind of fluids and it is flexible, and it just
nmakes a good wre.

The thickness of that insulation is fifteen
t housandt hs of an inch. The size of the conductor, the
overal |l gage size is twenty gage. Now, the -- that is
a basic wre.

The FQ S wiring system consists of a cable
whi ch contains one or nore of these wires. The type of
system we were tal king about yesterday usually has one
single wire with a shield, a nmetal shelf over the top,
a braided shield over the top of it, and then it can
come — and it is usually white. It then can conme with
one other wire in that harness which is red, or it can
be bl ue, depending on the system design.

That, then, has an over-braid of a |acquered

nyl on which holds the whole thing together, and it

CAPI TAL H LL REPORTING, | NC.
(202) 466- 9500



wW D

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

991
nmakes a very substantial bundle.

CHAI RVAN HALL: Does teflon have an econom c
design life?

W TNESS TAYLOR:  No. Let ne rephrase that.
| amtalking fifty years, | am not talking two
centuries or three centuries away from here. [ am
talking just within the realm of ny lifetinme, another
fifty years.

CHAI RVAN HALL: Al right. Thank you, M.
Taylor. M. Swaim are you or M. WIldey up?

MR SWAI M Today | wll be M. Swaim M.
Slenski, | would like to go to you for just a second.
W have been tal king about small radial cracks and
W ring. W have heard about this a couple tines,
cracks that go around the wire, possibly down to the
conduct or.

If it goes down to the conductor, but you
can’t see the conductor, is that okay, or is that ever
a problemto have the conductor in that condition,
especially — excuse nme, let nme throw in one nore part
of that question.

W have found water based cleaning fluid
residues in wiring areas in this airplane, so — | am
sorry, go ahead.

W TNESS SLENSKI : Once you have started a
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crack — and this is referring to polyex now, or any
i nsul ati on?

MR SWAI M Primarily in this accident

polyex, but | would Iike nore general
W TNESS SLENSKI : | amnot sure if | could
speak. I don’t know personally many of the properties

of polyex, but as far as any insulation, once you have
initiated a crack, there is always that potential that
you can crack all the way through.

Now, it is typical with these insulations
there is enough dielectric strength to withstand the
voltage applied to them As long as you have any
insulation there at all you are probably not going to
violate it. You actually have to get all the way down
to the conductor, nost likely, to actually have sone
type of arc event.

so, even if we got down to nmaybe even the
inner third layer, as long as that has integrity you
probably will be okay, but obviously any bit of flexing
could take that further on down into the — and expose
t he conductor.

W heard the explanation of three-|ayer
construction for the idea that you will not propagate
the crack through each layer, but if you have a bend in

that insulation you do have stresses in those areas.
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You can stretch these materials and they can initiate
cracks.

so, you know, once you have initiated cracks
in there it is undesirable, but detectable. You are
only going to see that again if you have an arc event,
or visually you mght see it, but it can be very
difficult.

MR SWAI M But, if you do have this crack
that goes all the way through and you have got a humd
envi ronment —

W TNESS SLENSKI : But, if you have conductive
fluids, you know, you would al nost have to have the
conductive fluid in there, as M. Taylor was
nment i oni ng. Even if it is a fine crack, if you have
fluids in there they can get down into that crack and
you can set up what we call arc tracking, eventual wet
arc tracking, where the fluid devel ops a conductive
path between two surfaces, and over tinme you can
actually initiate an arcing event.

so, you need the conductive path in there
sonmehow, and that could be a pieces of netal, it could
be a fed, a piece of netal fiber, or a piece of -- a
smal | piece of netal, or it could be the conductive
solutions which we recognize are on all aircraft.

MR SWAI M Ckay.
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DR LCEB: Let me just follow up a bit on

t hat . Does the Air Force use polyex in its airplanes?
W TNESS SLENSKI : I am not aware of polyex

being used in any Air Force aircraft. I think it has

been used on sone mlitary aircraft, but I am not aware

of it on Air Force aircraft in general

DR LCEB: But, you do have Boeing -- Boeing
Aircraft --

W TNESS SLENSKI : That’s true, so | guess it
i s possible, then.

DR LCEB: But, in general you are not
aware —— in general, what kind of wiring is used?

W TNESS SLENSKI : Well, there are severa
types in there. As we have seen, teflon is one of the
i nsul ations . One of the insulations is 81-381, or
pol yam de insul ation. That is also known as a trade
nane by Kapton, as an exanpl e. That is used
extensively on aircraft.

M. Taylor nentioned the cross |ink tepsel.
That is an insulation. W have sonme newer insulations
out there today we refer to as hybrids, and that is a
conbi nation of a teflon with a polyam de insulation
and there are sonme older insulations out there, too.

so, there is quite a famly of insulations

out there. Al of these insulations neet aerospace
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requirenents . Qbviously, there is — over the years we
have | earned some deficiencies in these materials, and
when we do that, we do take sonme action to mnimze
t hose types of problens.

DR. LCEB: Have you run into problens wth
arc tracking in any of your wring?

W TNESS SLENSKI : There have been arc
tracki ng events. I think any insulation can suffer
what we call an arc track event. M. Taylor, | think,
referred to this, too. Al our insulations we are
using today are very thin wall insulations for weight
savings, as we recognize there is quite a bit of wire
on an airpl ane.

150 nmiles of wire, if we can reduce the
t hi ckness of that insulation, especially when you are
in the twenty gage range, the insulation is a
contributor to the weight and volune of the insulation
It is significant.

so, we have designed down the size and vol une
and weight to save for aircraft design purposes. But ,

t hese insul ations, because of that -- | think we have
taken that into account.

Also, | would like to follow up what M.
Tayl or had nentioned; you know, for anti-chaffing the

best solution is in your initial design, and we go to
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great |engths. | nean, we have government conmittees,
which | amon, and also industry. There is the Society
of Aerospace Engi neers.

W had tal ked about installation, and we do
have rules that we have and gui dance on how do you
install wiring. As M. Crow nentioned here, too, there
is issues with maintenance induced chaffing, and that
is sonething we are aware of, al so.

DR. LCEB: Let’s get back to arc tracking for
just one mnute. Is that a kind of an aging problenf

W TNESS SLENSKI : Vell, | can show you an
exanmpl e of an arc tracking even because it is in ny
presentati on. So, maybe we can get --

DR. LCEB: In fact, maybe we want to let you
finish your presentation.

W TNESS SLENSKI : | amgoing to get to that
in just a nonent. If we go to the next chart.

(Next slide shown.)

I think I amgoing to skip -- let’s see what
the next chart is you have here for us.

(Next chart shown.)

Ckay, this was an actual exanple of aging,
but this is a little bit different situation. This is
where the conductor is causing us a problem where we

have a -- if we go up to the upper |eft corner
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(indicating), and, again, we nentioned wiring the
system and we concentrated quite heavily on the
i nsul ati on. You al so have to worry about the connector
and the conductor also as an issue.

In this case, what we are |looking at here is
the resistance increase in the crinp joint, and if you
could point - there is one of those crinps that is
somewhat renoved down in there. If you could point to
that? Right there (indicating)

That actually caught fire, and what was
happening here is there was over a hundred amps of
current going through that connection, and we had
resi stance drop across there. If you think about a
resistor, if you have current going through that
resistor you create heat.

W try to keep these connections at very |ow
resi stance. As that resistance increases, the heat is
di ssi pated through the connecti on. In this case, it
actually caught fire because it got so hot, and this
was an actual failure nmechanismrelated to the plating
on the wiring over very many years of use and high
t enper at ur es. It actually degraded and eventually
caught fire. So, this is just another aging issue you
can deal with with wring.

DR. LCEB: Wiat kind of wiring was it?

CAPI TAL H LL REPORTI NG | NC
(202) 466-9500



wW D

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

998

W TNESS SLENSKI : This actually was teflon
based insulation with a mneral fill material in it.
so, the wiring insulation itself was not so nuch the
contributor here, it was the actual interconnection
t hat caused the failure.

You know, again, this is an exanple of
failure analysis and that -- fortunately, in this case,
this was just an incident in the aircraft. There was
no loss of the aircraft, and M. Taylor nentioned it is
al ways nice to get these exhibits back to a | ab.

In this case, our naintenance was concerned
about it. They renoved that cable in there and got it
back to our lab so we could understand what happened,
and then we were able to take corrective action. That
is, again, inmportant to — when you have failures, to
identify the cause and then get sone type of process in
there to take corrective action.

If we could just go to the next slide,
because | think this is -- the next one mght be
i nteresting.

(Next slide shown.)

Let’s go to the upper left first
(indicating) . This is an exanple of a -- this is a
m shap of one of our aircraft. Fortunately, we had a

fire in the rear of the aircraft and it actually
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devel oped while the aircraft was in |anding
configuration.

The airplane was able to get on the ground so
that it was - although there was danage to the
structure of the aircraft, the aircraft |anded
without — safely. So, what we are looking at is the
fire damage, and if we could go to the lower inmage in
the center there (indicating), that is the hole that
was left fromthe fire, and we have actually burnt —
nelted alum num as you can see.

Now i f we go up to the upper right
(indicating), this is inside there, and what we are
looking at is remains of the wiring, and | think you
can possibly point to some of those. It isalittle
above that arrow (indicating)

There was an extensive fire in here, and
basically what happened is the wiring had chaffed
agai nst an alum num hydraulic line. The hydraulic
fluid is high pressure, so we had msting in there, and
with the arcing there was ignition in there, and that
is what caused this event.

To show that, if we could go to the next
chart we will actually look at the hydraulic |ine.

(Next slide shown.)

The hydraulic line is in the upper |eft
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corner (indicating) . What is interesting is that this
incident — and this is what we get into in, | think
m shap investigations — if this incident had occurred

at high altitude and the aircraft had actually inpacted
the ground, the possibility of recovering this type of
hardware woul d have been very difficult to conme back
and find this type of evidence because, as | think I
have nentioned, especially in electrical systens, they
typically are damaged during post-m shap fires.

Typically they are |low tenperature material s,
or organic materi al s. They don’t survive well in the
accident. So, it is very difficult to reconstruct what
actually occurred when you are dealing with electrical
syst ens.

If we go to the center -- lower (indicating)
That is the actual pitting that occurred in the
al um num hydraulic Iine where we had spewi ng of the
fluid, and that is the actual erosion that occurred,
probably over time in the aircraft. It eventually
eroded through the wall of that tube.

Now if we go up to the upper right
(indicating) . After this event occurred -- and, again,
we understood what had happened. W go out and | ook at
other aircraft, and this is that same hydraulic |ine,

and we can see wires actually up against that |ine.
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This was the chaff problem we were dealing
with here. So, the solution here was to re-route those
wires. So, we were dealing with a maintenance issue
here that caused this failure.

MR SWAI M I would just like to note that
the NTSB right now is investigating, or putting
together a report on hydraulic line and wire chaffing.
| believe that the original or the crux that led to
that was in a Gtation Jet, a corporate jet, and | was
just digging through a pile of paper. W have gotten
an lot of correspondence from people in the public.

This one is froma M. Jereky (sic) in
Monroeville . It is exactly the same thing, electrical
wiring, chaffing on a hydraulic line leading to a
| andi ng gear bay fire which we tal ked about yesterday.
This one was in 1940-sonmething. So, it is not a new
probl em

W TNESS SLENSKI: As an exanple, well, what
have we done to elimnate the problen? W went back to
the lab and we have done sone arc erosion tests on
hydraulic lines to see if alum num -- typically we use
stainless steel lines. W don’t use alum num anynore.
This was an old aircraft type.

But, we have done sone tests of how | ong can

you arc before you actually expose the wall of the
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hydraulic line, and that is sonme of the research we
have been trying to dissem nate to industry.

W TNESS TAYLOR® M. Chairman, | would like
to add sonething. W have one hundred forty-seven 747
wires which have airplanes which are wired with the
polyex wire. W have no record of any incident of arc
tracking taking place on any of the wires on any of
t hese airpl anes.

I just wanted to nmake sure that that goes
into the record since we have been tal king about arc
tracking, that we have not any evidence on any 747
airplane of arc tracking of polyex wre.

CHAI RVAN HALL: M. Craycraft?

W TNESS CRAYCRAFT: May | add to that that
TWA has had no experience whatsoever of arc tracking of
this wire on a 747.

CHAI RMAN HALL: Ckay, thank you

W TNESS SLENSKI : In follow up to that
previous incident | had shown you, these are rare
events. They obviously are not occurring everyday.

The same with the Air Force; we do have arc track
events that have occurred over the years. It is not --
again, we don’t have polyex, and it is going to be the
next slide that we will talk about arc track event.

(Next slide shown.)
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This is an exanple, if we go to the |ower
left of a wire bundle. This is a polyam de insulation.
Again, also identify the trade nane Kapton. This is an
exanple of an arc track event that canme out of an
aircraft basically initiated by a chaffing event.

If we go up to the center where we will get a
cl ose up of the danmage (indicating) , and now |l think if
we go up to the upper — where we actually see what is
happening here, and this insulation, polyamde, is
unique, and it is a tape—-w apped insulation. [t is not
estreated on the wire as we were seeing previously in
t he tefl on. It is actually wapped on the insulation.

It is unique in that the material does not
have a nelting point. At high tenperatures it
carbonizes . That is the evidence — that is the issue
here with arc tracking.

This particular material, if you do devel op
and arcing event - and of course you have to sonehow
violate the insulation and expose the conductor — you
can carbonize that area which is conductive enough to
sustain arcing, and you can get what we call the arc

track event.

It is rare. It has occurred on sone
aircraft. | personally am not aware of us |osing an
aircraft due to an arc track event. It has happened.
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DR LCEB: Have you encountered arc tracking
on any wiring other than Kapton?

W TNESS SLENSKI : I am going to show you an
exanple of one in just a nonment of another insulation
type. Any insulation -- and nmany of us in the industry
have been running tests on Kapton insulation. M.
Taylor has run quite a few on 81-381, or polyam de
i nsul ations .

Al insulations in certain configurations can
be forced to arc track, basically. If YOU put
conductive solutions on there, vary voltages, you can
get these events to occur. Any -- these are al
polyneric materials, and they do have carbon in the
chain of the materials, which is conductive if you can
get it to formon the surface, or if you have another
fluid that is carbonaceous we can actually initiate
t hese types of events.

Wat we are really looking at here is arcing
over time, and it is thermal damage through the arcing
process. It damages adjacent wires which can
propagate, and we do have circuit breakers that
eventually will stop these reactions, but they
encourage such a quick event that circuit breakers
sonetines will not react fast enough to these

processes.
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If we go to the next slide.
(Next slide shown.)

I know there was sone interest in hot stanp

mar ki ng. This is a field failure of hot stanp marking
and wiring that is on polyal kine insulation. It is a
very — it is an older insulation.

In this case here, your hot stanp process
penetrated the insulation, conductive fluids were near
this area and this was 115 volt three-phase power and
we had arcing between the various wires in different
phases, and that led to this failure.

I think if we go to the |ower quadrant, that
is an actual area where it was hot stanped at one tine.
Again, as | nmentioned | believe yesterday, hot stanping
is an acceptable process for wiring when it is
control | ed. You just have to be sonewhat careful in
t hat mar ki ng process. This is an exanpl e. This we
call wet arc tracking because there was a fluid
invol ved and, so, this was not dry arc tracking.

Then, the final slide.

(Next slide shown.)

I think this was discussed previously. This
is a program— again, if we go up to the lower left —
or, upper left (indicating) . W have tal ked about are

there any ways to predict the life of our wring, or
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evaluate its integrity, and this is just an exanple of
wiring in an aircraft.

W have | ooked at sonme non-destructive
techni ques that can allow us to possibly find defects
in wring, and if we now nove over to the upper right
(indicating) this is an infrared technol ogy here we are
usi ng.

This technique under certain conditions can
actually detect breaks in insulations, or flaws in the
i nsul ati on. W have a program now trying to determ ne
if this can be used to inspect wiring and, again, this
woul d be hel pful in finding chaff danmage or nechanica
damage to the wire.

so, there are other prograns. Sonme of these
are just sone exanples of how you can do this. There
are other prograns out there that are actually renoving
wire fromaircraft and running sone tests to predict
the age of the wiring. So, there are actually severa
prograns out there trying to develop a program for
evaluating the aging or the integrity of the wre.

The last slide is just a sunmary here.

(Next slide shown.)

| really did not prepare to get into other
conponents other than wring. The general statenent

here when it cones to electronics -- and we di scussed
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this alittle bit -- but, what ny experience has been
is that it is the electronic systens that are what |
call electromechanical in nature that we seem to have
t he nost problens with aging. That is the wiring, the
connectors, solder joint swtches.

Anyt hing that noves over tinme can experience
sone type of degradation. So, these are the areas that
we have been concentrating on when it cones to aging of
el ectronics .

DR LCEB: Is the intention to develop a
program specific to aging wring?

W TNESS SLENSKI : There is an attenpt, and
was giving you an exanple of trying to assess the
Wi ring age issues. W are looking at the possibility
of that. Again, it is nore of a broad unbrella when we
are tal king about aging of electronics and structures
where we are looking at all these types of conponents.

| think what | tried to do at the next bullet
there was try and give you -- this is my opinion about
if we are going to |look at these issues what we have to
do.

First of all, you have to verify your
failure, and that is usually through — what | wusually
do is physics of failure actually determ ne cause of

failure. Rel ate that to design, naterials and
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manuf acturing process, cone up with your corrective
action and decide if — nmke sure everyone in the
i ndustry knows about the problem and if you need to do
nore research in the area to initiate research
initiatives through a cooperative effort.

As we have reduced budgets, we all have to
work together. So, we try to now initiate cooperative
efforts if we find deficiencies.

MR SWAI M Thank you, M. Slenski. I think
that would go back to M. Dunn, because you are talking
about prograns and industry and so forth. My -- how
would that tie in with you? Are you bringing that into
your progranf

W TNESS DUNN: Well, can you be nore specific
on what things you are tal king about?

MR SWAI M As far as looking for wring
probl ems, active hunts for wiring problens rather than
on condition type naintenance?

W TNESS DUNN: Yes, nost certainly the plan
that | talked about earlier does intend to ook into
issues of wiring, specifically. Al so, George nentioned
tools, tools for finding out if we have defects in
W ring. That is also an issue we will be |ooking at as
we do our field inspections.

W are going to look at DCG-9's, DC10'S, Air
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Bus 300, DC-737"s and we will be |ooking at those
i ssues specifically, yes.

MR SWAI M Ckay. I would like to, since --

CHAI RMAN HALL: Wio is the FAA wire expert?
Is that M. Crow, or do you have a wiring expert
equivalent to M. Slenski or M. Taylor?

WTNESS CRON M. Chairman, | don’t know in
particul ar anyone that is the wiring expert in the FAA
Fl i ght Standards. That woul d probably fall back to the
Certification Service somewhere. So, | --

CHAI RMAN HALL: It is probably M. Dorner.
Let’ s go ahead.

MR SWAI M Ckay. My question for Dr. Dunn,
then, is, using as an exanple the 1991 reconmmrendati ons
fromthe Safety Board following an L-1011 incident, an
in flight fire fromwring, we are recommending — the
Board recommended, | am sorry -- that the FAA notify
all the operators of lint build-ups and foreign
materials in the wiring and clean the wiring, and I am
using that as an exanple.

How do we know that your prograns that you
are tal king about are going to take effect, because we
were examning airplanes that if they had been taken
out of service earlier this year would have been

exam ning operational airplanes and we are still seeing
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[int and other debris in the wring.

W TNESS DUNN: | guess when you say “how do
we know the prograns are going to take effect, ” what —
can you be nore precise?

MR SWAI M Vell, you have spoken several
ti mes about issuing a recomendation sonetine around
June.

CHAI RVAN HALL: Well, he has discussed this
several times, M. Swaim He is devel oping a program
and | don’t think you have the program right now,
right, Dr. Dunn?

WTNESS DUNN. No, sir, | don't.

CHAI RVAN HALL: And they will have the
program in June of next year.

MR SWAI M Ckay, well, we will wait and see.

WTNESS DUNN: M. Chairman?

CHAI RVAN HALL:  Yes.

W TNESS DUNN: At sone tine | think it would
be useful for the American public to get kind of a
better overview to the industry’s approach to aging
systens as it exists now W kind of talked about it a
little bit. W have talked with M. Craycraft, we
talked a little bit about Boeing, but | think it would
benefit the public and the record, certainly, if we

spent maybe - and di gressed about ten m nutes.
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| have sone comments | would |ike to make,
and | think M. Cow would also like to, | think, step
back a little bit. W have talked about a lot of very
specific things of wire. At some point during this
panel discussion, whenever you think appropriate, |
would certainly like to —

CHAI RVAN HALL: Well, this would be fine
right now, Dr. Dunn. Pl ease proceed.

W TNESS DUNN: Ckay, fine. I think ny --
do want to say that -- | have a few comments, and then
| would like to pass it over to M. Craycraft to
further conment on the nmintenance aspects.

Wth that said, | think it is inmportant to
talk a little bit about our current approach to aging
systens and how we address agi ng systens now, because |
feel it is a good story, | feel that we are doing in
general a good job, but |I want to preface nmy follow ng
remarks with saying that there is always room for
i nprovenent, and we continually are |ooking at the
syst em

CHAl RVAN HALL: Well, and let ne just inject,
Dr. Dunn, so that, again, the American people know that
the Boeing 747 has an outstanding safety record, and |
think that is part of our public information and is

part of the docket that has been submtted.
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Qbvi ously, the whole aviation safety record
inthe United States, if we would have the sane safety
record on the highways we woul d probably save in excess
of 35,000 lives a year.

So, but what we are doing here and what the
Board is tasked is the responsibility of through this
accident investigation and working with the FAA and the
parties trying to explore every avenue, because we
don’t know. If we knew, it mght be a different
situation, but we don't know, so we are trying to |ook
and be sure that the American people know that we have
| ooked at each and every possibility so that if there
is —

W can do two things. One, hopefully find
t he probabl e cause of the TWA 800 tragedy and,
secondly, advance aviation safety through the public
dollars that are being spent on this investigation
which is certainly not a snmall sum of noney. Pl ease
proceed.

W TNESS DUNN: Thank you.

( Tape change. )

First of all, on the design side of the
house, the Aircraft Certification Ofice, there is a
| ot of ways that they get involved in the continuing

process.
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Mai nt enance and the operator handl e the
aircraft once it has been approved in design. However
the engineering gets involved still to a great extent.
W have all tal ked about Airworthiness Directives today
which are areas where — where we find an unsafe
condition and then we correct it. That is certainly
one area that the Certification Engineers get involved.

In addition, there are daily reports which
cone to the engineers and to the maintenance people in
the Certification Ofices which are reviewed so that
peopl e see on an ongoi ng basis what problens are out
there with the operators, the air traffic controllers,
what kinds of things they are saying.

so, this gives us additional opportunity to
| ook at the ongoing way the airplane is being operated
in service and the way it is being maintained and it is
operated to nake sure it continues to be safe.

As well, when we go and we approve the
design, we have safety analysis. W have tal ked about
that a little bit previously. But, | do want to say
that when you tal k about aging you are talking about
deteriorating effects. You are saying the wire
chaffed, the wire shorted and things |ike that.

Vel |, when we design the airplane we

postulate right up in the beginning that these things
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are going to happen. So, when the safety analysis is
done, and we do this as part of the design and approval
process, we postulate these shorts, we postulate the
fact that these kinds of events w |l happen. Even
t hough we aren’t thinking in terms of aging, it
actually is aging rel at ed.

so, those are sone of the areas that we get
involved in, but after that, of course, there is a
whol e mai ntenance programthat is set up with the
operators that is done under Part 121 for |arge
transport aircraft. That is where Bill Crow I think

coul d perhaps give you sonme coments.

W TNESS CROW | would be happy to share that
information with you, M. Chairman. | think it is
i mportant because it does, as | indicated earlier
close the loop, if you will, on continuous

ai rwort hi ness concerns and the prograns and policies
and procedures that are in place.

I am not going to endeavor to quote any
Federal Aviation Regul ations, or even paraphrase them
but for the record I would l[ike to give just a few --
four that are appropriate that all of the air carriers
use in the performance of their maintenance and such as
t hat .

O course, going all the way back to Part 25,
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this is a very inportant thing. It is the design
criteria for certification. But, in particular, one
that we are very interested in today is 25-571, the
danage tol erance and fatigue evaluation for transport
category aircraft.

As Dr. Dunn spoke earlier, the Appendix H of
that does require specifically that continued
ai rworthi ness maintenance manuals and limtations be
provided to the operators of those aircraft for the
conti nuous mai ntenance of that particular airplane.

In addition to that, we have to go back into
the FAR and we | ook at 4313 A and B which are
performance rules that are mandated to all people at
all categories of airplanes for the safe and efficient
mai nt enance of those aircraft.

Then we go to 4315. 4315 is additional
performance requirenents that are placed on the
industry for the maintenance of their aircraft. W go
to 4316 which basically has to do with operation
specifications, and the key element in that FAR is a
statenent by the Adm nistrator that says that the
agreenents that are reached in the authorization
docunent, the operation specifications between the air
carrier and between the FAA are mandatory and nust be

followed, and that takes us to the aircraft nmaintenance
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manual s and the continuous airworthiness maintenance
program

W al so have 91-409, that in paragraph E and
F determ nes the types of requirenments that are put on
the major carriers. In this particular case, all FAR
121 aircraft, and even those in the 135 category, as we
know, they are now falling under 121 rules for
conti nuous airworthi ness nmi ntenance prograns.

W have a 119-43 which again tal ks about --
this is one of our new FAR s that tal ks about operation
specifications and reiterates the responsibility to
foll ow those.

121-367 is the first 120 regulation -- 121
regul ation that we talk about, and it identifies the
mai nt enance prograns that nust be in place by
regul ati on for naintenance -- preventative maintenance
and alteration. Then we go to one very inportant
consideration within that 121 reg. It is 121-373,
continuous analysis and surveill ance.

In all of these prograns are the things that
our friends down there at the AMtable deal with on a
daily basis. These are the people that are responsible
for the continued airworthiness of the airplanes that
are flying out in industry.

These are the people that are working in
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coordination with our engineer friends in the Aircraft
Certification Service and with the FAA in particular
FI i ght Standards Servi ce. The work that they do has an
i mense inpact on the way the aircraft performthe
| ongevity in service and airworthiness of those
ai rpl anes.

so, | would suggest to the Board that the
continuous airworthiness requirements for aircraft
really come in about three phrases, two that you can
really lay your hands on in good fashion. One of them
is the certification responsibility. In particular,
25-571. Then, the regulations that | have given you
are those mamintainability and performance regul ations.

The inmportance of this thing froma Flight
St andards perspective is to understand that we are
imensely interested in the level of safety, the
i nherent |evel of safety that is designed into the
airplanes and the level of safety that is placed in the
airplanes on a daily basis by the nechanics.

W can spend an eternity |ooking at
certification issues, and if we ignhore the
mai ntainability side of the airplane, then we have done
half a job. That is a Bill Crow opinion, that is not
the Director of Flight Standards opinion, and | want to

go on the record as saying that.
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It is very inportant to understand that
wi thin those maintenance prograns that our friends from
TWA and the major carriers and all of the carriers
certificated under Part 121 for that fact, the prograns
that they have offered great evidence as to the systens
function, Dr. Loeb

One of the things that you find when you | ook
at aircraft specifically as an entity, as an
el ectromechani cal nmachine, is that there are certain
criteria, there are certain things in that airplane
that are critical zones, critical environnents.

In listening to the testinony today, |
couldn’t help but sit back there in the observer’s area
and recall the many tinmes that | have been in fue
tanks and knowi ng what that critical environnent is.

Anot her critical environment is the aircraft
wiring, and the point that | would |like to nake
regarding that, calling those critical environnments
is — 1 wuld like to give you an analogy, if | could.
The anal ogy woul d be one that runs to someone that is a
surgeon, if you will, and is going to perform surgery
on a gurney or an operating table in a hospital.

If a person was to go in for mmjor surgery at
sone tinme and he had a specific synptom then that

surgeon would go in there and he would do — he and his
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team would go in and do the work that needed to be
done, and while they were in that general area, as we
refer to on air carrier maintenance, in particular MG-
2 and 3 aircraft, the zonal concept of inspection, he
woul d ook around in there and see what else he could
find, and we would do the sane thing on the zone
concept of the inspections that we use for the aircraft
on the continuing maintenance requirenments when an
airplane is in service.

But, | don't believe that a surgeon would go
in without synptomatic cause, or purpose, or intent and
perform surgery in an area that was critical to the
wel | —bei ng of that patient.

For the same purposes, our mechanics that are
represented by the | AM and other people that are
mai ntai ning these airplanes, we like to go into these
areas that are considered to be critical areas,
critical environments, on a need basis.

If we open those areas, if we open those fuel
tanks, if we get into systens naintenance where there
is no synptomatic indication of a problem sonetines,
as was brought out in the expert testinony before, you
can cause nore danmage than you may have during the life
cycle of that particular airplane. So, it is very —

it is avery — it is a very passionate discussion when
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you get into trying to determne the right thing to do.

The Federal Aviation Admnistration, and | am
speaki ng on behal f of nyself and, again, not for the
Director of Flight Service -- Flight Standard Servi ce,
but it is very inportant that we stand firmy in our
position as given to us in the regul ations.

W should not blow with the wind in one
direction, or blowwith the wind in the other
di rection. W should not take action until such tine
we are absolutely sure of the probable cause, because
when you devel op a periphery of perception, you may do
exactly the wong thing.

I wanted to share these with you because |
think it is inportant when we |ook at this TWA 800
accident and the people that have |ost |oved ones and
all of the things that circle — that cone around this,
we in Flight Standards right now, we really have no
probabl e cause, as you have no probabl e cause.

W have ideas, but it is very difficult to
stand firmy in that position and not waiver until such
time we do have the findings we can really work wth,
and | think it is inportant to note that when the
FIlight Standards does have that information, they wll
take swift and immedi ate action to make sure that that

is renedied.
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| think that the maintainability is a very
important issue regarding this continue airworthiness
thing, and noving away from certification to make sure
that we recogni ze that.

One of the things that | recall listening to
this nmorning is the discussion about structures and
systens. I want to use sonme of ny own vernaculars to
try to describe this, and ny engineering friends here
may disagree with what | say, but | think they wll
know where | am com ng from

When you start |ooking at aging aircraft and
you start |ooking at the synptomatic problens, that you
see there are a lot of latent failures that you don't
see. That is inherent in the way we | ook at sone of
t he airplanes. For instance, the structures, the
primary structures of an airplane probably fall
sonmewher e between passive and dynam c, where the
systenms on the airplane are typically dynam c

As Ceorge Slenski indicated earlier, nost
synptons that are identified in systens problens are
systens that have rotating parts that are driven by
el ectronoti ve force. They have sone sort of a
nmechani cal function, where the structures don't. As I
indicated, they are from passive to dynamc, so we

don't see those.
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But, when you have a failure in a system
even with associated wiring you generally have sone
sort of a synptom You generally have sonething |ike
that. So, the air carrier industry has the reliability
prograns where they take the pilot reports -- and we
refer to them as pi-reps. Qur friends at the Air Line
Pilot’s Association know well what those are. They
drive the air carrier reliability prograns.

They set alert levels for the maintainers,
such as M. Craycraft and others in the engineering
functions to ook at to see how those systens are
perform ng. It is not as if as we speak there is not
prograns in place that are not necessarily required by
the FAR, but that are encouraged by the FAA to identify
system c problens that will show degradation of the
syst ens.

In addition to that, the one FAR that |
suggested to you, the FAR 121-373, is the continued
anal ysis of surveillance requirenent, and it is
mandat ory. This is a continuing certification
requirement for an air carrier certificated under Part
121.

To fail to neet that requirenent would place
a certificate holder’s certificate in jeopardy. This

is the itemthat causes the certificate holder to
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determ ne through careful analysis the perfornmance of
t heir mai ntenance, preventative naintenance and
al teration.

It also causes themto | ook and anal yze all
of the activities surrounding the maintenance
organi zati on. The basic difference between a CAS
program that is mandated by the FAR and the reliability
program as far as being able to nake determ nations on
the reliability of the aircraft or the systens, is
based in one thing; with the reliability programthe
operator has the authority w thout prior approval to
adj ust mai ntenance and inspection intervals, where wth
the CAS program they still come to the FAA before they
make those changes.

so, there are a lot of devices, there are a
| ot of processes and a lot of prograns in place that
support continued airworthiness of these airplanes that
are designed by our engineers and built by our
manuf acturers, purchased by our air carriers, flown by
our pilots and maintained by the naintainers.

so, | want the general public to know that
once an airplane |eaves the drawing board and once an
airplane | eaves the nmanufacturer, once that airplane is
in service that airplane is maintained on a daily basis

in strict accordance to the regul ations.
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But, for the nost part -- and that is
probably a bad choice of words, but | don’t know what
ot her vernacular to use, they are being nmaintained at a
very high state of airworthiness.

The anomal ous situations that do occur wth
the tragic catastrophic problem that occurred with TWA
800 and other aircraft probably are a snmall place on an
array of data. But, nevertheless, there are no
unacceptable |osses. W can’t have — there are no
accept abl e | osses.

But, the continued airworthiness maintenance
program that is provided under the regul ations and
overseen by Flight Standards Service in conjunction
with and coordination with where problens arise and
things are identified that need to be fixed with the
Certification Service, they are being |ooked at on a
conti nuous basis.

W spend a great deal of tinme with our
certificate holders and we are very cogni zant of the
need for change, and we would just |ike to nake sure
that the Board is very aware of its continuous
ai rwort hiness requirenents, aside from the
certification issues.

CHAI RVAN HALL: Well, thank you, M. Crow,

for that presentation. One clarification | want to be
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sure of, though, so there is no m sunderstanding, |
think, with the general public. If the FAA and the
NTSB find problems with any particular aviation
acci dent investigation, | don’t think you were saying
that the FAA is going to wait until there is a probable
cause to act on those problens?

WTNESS CRON No, sir, you are exactly
right. W would not wait and we would cooperate very
professionally and effectively with all of the other
entities that were working. But, one of the nost
difficult things to do in this world is to identify a
corrective action for a discovery that has yet to be
di scover ed.

so, we want to go on record and we want to
continue to say that we are very interested in know ng
anything and everything about the accident where we nay
t ake appropriate action.

CHAI RMAN HALL: kay, other coments? Do yQU
want to continue on?

(No response. )

What | am going to suggest doing is
continuing until 12:30, and take a one hour |unch break
to 1:30. Again, | know the only people that are

interested in this going to day five are probably the

t axpayers of Baltinore, but nevertheless we need to
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finish our work here and I would -- the prudent --

Everyone is asking ne for advice, and the
prudent thing | would suggest is be prepared to be here
tonorrow. |If we can finish today, fine, but if in
terms of -- | know people have hotel roonms and flight
reservations, and | would say that the prudent thing to
do is to plan for departure tonorrow.

W have not gotten into the AD Service
Bulletins on TWA 800, which is sonmething I would Iike
to do before we get to do the parties. But, possibly,
M. Swaim unless you have sonething else you want to
get into, we will just take a little |onger than usua
l unch break, and we wll reconvene here pronptly at
1: 30. Of the record.

(whereupon, at 12:15 p.m a luncheon recess

was taken.)
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AFTERNOON SE S S I ON

(Time noted: 1:.30 p.m)

CHAI RVAN HALL: W will reconvene this public
hearing of the National Transportation Safety Board
that is being held in connection with the investigation
of the aircraft accident involving Trans Wrld A rlines
Flight 800 that occurred eight mles south of East
Moriches, New York on July 17th, 1996.

Let nme state, again, for those who are
observing that they can follow — get information on
this hearing at the NTSB web site, NISB -- | nean
ww. nt sh. gov.

Let me again say, as | said in ny opening
statenment, that public hearings such as this are
exercises in accountability, accountability on the part
of the National Transportation Safety Board that it is
conducting a thorough and fair investigation,
accountability on the part of the Federal Aviation
Adm nistration that it is adequately regulating the
i ndustry, accountability on the part of the airline
that it is operating safely, accountability on the part
of manufacturers as to the design and perfornmance of
their products and accountability on the part of the
work force, pilots and machinists, that they are

performng up to the standards of professionalism
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required of them
Wil e these four days of proceedi ngs have
been highly technical affairs, | again would like to
state that | think that they are essential in seeking
to reinsure the public that everything is being done
that can be done to insure the safety of the airline

i ndustry and find the probable cause of the TWA 800

tragedy.

M. Swaim please proceed.

MR SWAI M Thank you, sir. I only have a
couple nmore, and we will be into Debbie Eckrote and

Mai nt enance Records, the maintenance of the airplane.

(Slide shown.)

The photo -- there are two photos there, one
in the upper left corner and one, the |arger photo.
The smaller inset is of a wiring fire, and the other is
of lint on wires we found behind a flight engineer’s
panel of another 747.

My question is to M. Taylor, Al ex Taylor
In your reviewing wiring problens and aging wring
probl enms, does it taken into consideration problens
that can happen in a general area like this, or is it
nore to an individual wre?

W TNESS TAYLOR | don’t really understand

t he question. Could you re-word it a little bit,
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pl ease?

MR SWAI M In the consideration of aging
systenms, and you spoke very well about wiring, was that
nostly pertaining to individual wres, or bundles of
wires? That is where | came with this question from

You spoke of bundles of wires, but in this
photo we have a nunber of wires -- bundles shown
t oget her. Wuld that type of review be on a detail ed
engi neering paper |evel where it would consider just a
bundle, or would it consider an area such as seen here
with a nunber of bundl es?

W TNESS TAYLOR Wen | refer to wiring on an
airplane, | refer to all the wires on the airplane in
whi chever particular configuration that nay be at
what ever location on the airplane. Wring is wring,
whether it is a single wire, or a bundle, or a bundle
of bundl es.

MR. SWAIM SO for the failure
considerations fromaging, would it include a failure
of a bundle — | am not naking this clear, | guess.
Wuld it include -- is there sone type of detailed or
systemic analysis to include all the bundles within an
area as you see here?

W TNESS TAYLOR In the analysis that is

undertaken, the design of the bundle is such that we
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can lose a wire within that bundle and it will not
affect the safety of the airplane, or we can lose a few
wires within that bundle and it does not affect the
safety of the airplane. W can |ose that whole bundle
and it will not affect the safety of the airplane.

MR SWAI M Lose that whole area with the
[int build-up on it?

W TNESS TAYLOR That is an area, that is not
a bundl e. That particul ar photograph you have there is
nore than one bundl e. It is an area, but within that
area there are nunerous bundles, and many of them are
separated fromthat picture by a foot or nore, and that
is nmore than adequate separation to make sure there
woul d be no propagation of any failure of one of these
wire bundl es to another.

MR SWAI M Ckay. I would like to nove out
of wiring, we have been discussing wiring very
extensively, and ask a couple of questions of M.

Thonmas about | eakage.

When we discuss |eakage, this is a photo we
have seen before of the corner of a corner in the
center tank, and there are three colors that can be
seen of sealant, and when we discuss fuel |eaks — and
we are showing different |ayers of sealant here — when

we discuss fuel leaks in aging aircraft, how is that
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consi dered, M. Thomas?

W TNESS THOVAS: Fuel |eaks are considered
right fromthe start of the design of the airplane. W
recogni ze that at sone point the wings are flexing.

Most all our fuel tanks are generally located in the
W ng. The wing flexes up and down. Cccasionally we
wi |l devel op | eaks.

That is taken into consideration right from
t he beginning of the design of the airplane. W assune
that we are going to have fuel | eaks. W typically
will — typically all the time we will divide the
airplane into zones. The |l eading and trailing engines,
for exanple, are considered fuel |eak areas where a
single failure can cause fuel to leak into those areas.

W require all the electrical conponents in
the leading and trailing edge to be expl osi on proof.

W require that tenperatures of ducts to be bel ow 450
degrees Fahrenheit, again, for hot surface ignition
i ssues.

We provide very careful drainage and dans in
the leading and trailing edges to assune that any |eak
is directed to a drain hole and overboard safely. For
instance, if you have a | eak outboard of a strut, we
will have a dam outboard of the strut to stop the fuel

from running down onto thenselves where it may catch
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fire in the engine area.

The sane thing at the side of body. There is
a seal rivet the side of body. So, again, if | have a
| eak inboard of the engine, it will just run to the
side of body and go overboard through a drain line and
not propagate anywhere that it could be hazardous.

Does that answer your question?

MR SWAI M Wul d the area under the tank,
bel ow the center tank in this case, be considered an
area that you have to run the sane electrical
protections as you would in the fuel tank for ignition?

If you have a leak out of the fuel tank into
that area below the fuel tank, and you have w ring down
there, what consideration is given for the fuel —
which one is the latent failure, or trying to prevent a
latent failure, that you could have the fuel, say, |eak
onto a bundle of wiring, or if you have wiring that
ignites a fuel leak down in that area?

W TNESS THOVAS: Qut there you are dealing
with the first failure which is a leak, which is
readily available - readily observable to the crew or
to nechanics doing a wal k around the airplane. You
will see the fuel dripping out of the — in this
particul ar exanple you have chosen, the pack bay area.

The pack bay is designed to be -- all the
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tenperatures in the pack bay are bel ow 450. By design
the hot air that cones fromthe engines are controlled
to below 450, as | have discussed several tinmes in the
| ast few days

The packs thensel ves, although we tal k about
them being hot, are all running in the — at the
mexi mum sonething in the 350 range, and a |lot of the
packs are much cool er than that.

None of those are ignition sources. The
electrical bundles, as far as | know — and | woul d
defer to M. Taylor on the details of connectors -- are
not a source of ignition while that leak is taking
pl ace.

The assunption that we would make is that the
leak is very detectable and the airlines can fix the
| eak. W have very carefully defined -- and | can’t
guote them off the top of ny head, but we have very
careful ways of defining a fuel |eak, whether it is a
weep, or a seep, or whether it is a drip and what
procedures go along with repairing the airplane when
t hose things take place.

MR SWAI M Ckay. | think at this point I
would like to turn it over to Ms. Debra Eckrote. She
is our Maintenance Goup Chairnman for this accident.

MS . ECKROTE: Thank you, Bob. | just have a
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coupl e questi ons. The first one I would like to ask of
Dr. Dunn. Earlier we had been tal king about the
corrosion control program and the structural inspection
progr ans.

Wul d you please discuss the AD s and Service
Bull etins that have been generated as a result of these
prograns, and al so would you also discuss if there are
any future AD s or Service Bulletins that are being
proposed?

For reference for the audience, the list of
all the applicable AD's on the aircraft at the time of
the accident can be found in Exhibit 11-P. M. Dunn --
or, Dr. Dunn?

W TNESS DUNN: | can’t address corrosion
AD s. That is not an area of ny expertise. However, |
do have sonme overheads that we can show that talk about
AD s that we have put together since we have known
about this accident.

M5 . ECKROTE: Thank you.

W TNESS DUNN: This is the first one we wll
tal k about.

(Slide shown.)

Incidently, | want to nake clear that | am
presenting these slides on behalf of Chris Hartonis

(sic) of the Seattle Aircraft Certification Ofice who
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did prepare these for ne.

This first AD that | am going to talk about
here is actually an NPRM It says “Air Wrthiness
Directive, “ but it is actually at this point an NPRM
that is out for coment.

It was published in the Federal Register |
believe the first of this nmonth with a ninety day
comment period and a one year conpliance. Thi s
i nvol ves 747 fuel quantity system w ring. That is an
AD that relates to the wiring on board the aircraft in
order to prevent ignition sources from entering the
fuel tank.

Next slide, please.

(Next slide shown.)

What this AD proposes to do is to instal
transi ent suppression and/or shielding and separation
to the wiring of the FQQ S system

Next slide.

(Next slide shown.)

| guess it is appropriate at this point to
di scuss what shielding is and why it is inportant. As
it says up there, shielding is electromagnetic.

El ectromagnetic shielding is a technique that reduces
or prevents coupling of undesired radiated

el ectromagnetic energy in equi pnent.
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The concern here is obviously coupling energy
fromone wire into another wire such that you woul d
ultimately get a certain amount of energy, if you wll,
into a wire which mght subsequently — that energy
mght find its way into the fuel tank.

Next .

(Next slide shown.)

A transient suppression device is a device
used to limt the amount of energy. It is a surge
protector, so that if you get this coupling from one
wire into another, this energy coupling from one source
into another, you want to nake sure that if indeed it
does happen you can nmeke sure that that energy is not
propagated ultimately into the tank.

so, what you do is you insist that you stop
that from happening, or essentially cause that energy
to be shorted to ground prior to entering the fuel
t ank. Shielding is one way of doing this. Using a
transi ent suppression device is another way.

Next .

(Next slide shown.)

So now what we have got here -- as this AD
relates to this accident, what we have got here is we
want to rmake sure that we don’t get any kind of energy

into the fuel tank from whatever source, and we — and,
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so, what we have done is we have gotten very — shown
here is a bunch of sources here of possible energy
sources that might get into the tank.

On the left you have voltage sources, induced

transient, one wire, |ike sonmeone shuts off a switch or
sonething and that wire - the energy in that wire is a
result of the — of — that transient is produced and

couples into another wire. So, that is the first one
t here.

Then, of course, the hot short where you have
a chaffing of that where the energy fromone wire
physically touches another wire and subsequently
mght -- that energy might get into the fuel tank

On the right are sources within the tank of
possi ble -- possible debris and possible conducting
sources. You have copper sulphite, as we talked
earlier, and you have debris, maybe wre shavings and
things |like that, damaged w re insulation and danaged
probes . Al of those are sources we need to protect
agai nst .

Next .

(Next slide shown.)

What this slide attenpts to do is to show you
kind of what really happens when you get induction, and

it is for illustrative purposes only. At the top you
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have a notor in one system and then -- represented as a
wire between an indicator and a notor, and then at the
bottom you have yet another system As a result of a
common bundl e they conme in contact with each other.

so, what you are trying to do with this AD is
to put in place nethods whereby you can’'t -- you
suppress any coupling fromone wire into the other, and
the three techniques that we have tal ked about were in
separation where we can nake those wires — we can
separate those wres.

W can shield one of those wires so that it
can't — the energy cannot couple into the other, and
then we can — also, a third technique would be to use
a suppression device prior to the fuel tank to insure
no energy enters the fuel tank.

Is there another slide, or is that it?

(No response. )

Is that it? Okay. So, that is the current
NPRM t hat we have out now that we are trying to
addr ess. Now, there was also a question that rel ated
to other AD's, is that it?

M5 . ECKROTE: Do you have any know edge of
the AD's that are presently open regarding the
structural inspection, or the Corrosion Control

Progran? Can you discuss that? O, | can direct that
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maybe to M. Craycraft and see if he can kind of
di scuss sone of that during his maintenance review?

W TNESS DUNN: Yes, | -- 1 amnot really --

MS . ECKROTE: Ckay.

W TNESS DUNN: | can't really address that.
| did want to — | should reiterate that that is an
NPRM that is out now for commrent.

W TNESS VANNOY: Debra, this is Bob Vannoy.
| can summarize those AD's for you, if you would like.

MS . ECKROTE: Thank you, pl ease.

W TNESS VANNOY: Ckay, out of the activities
that were generated after 1988 with the Structures Task
G oups there were three main areas that were covered by
AD' s.

Nunmber one was the Mandatory Service Bulletin
Modi fication and Inspection Program The second was
the Corrosion Prevention and Control Program The
third one was the SSID Program which previously had an
AD, but new work was done.

In all three cases, the working groups, the
airlines, Boeing and FAA, as observers and advi sers,
prepared docunentati on. Boei ng put out the docunents,
and then the AD's that followed were fairly sinple and
just said go do what is in the docunent.

so, for the Mandatory Bulletin Inspection and
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Modi fication Program the AD was fairly sinple. It was
90- 06- 06. Early in 1990 it just said go do what is in
t he Boei ng docunent, which was a D-6 docunment produced
by Boeing and contained a list of all the bulletins
covered, and then the airline took that and had to pull
out all the bulletins and then go put all that in their
I nspection and Mai ntenance Program

MS. ECKROTE: Are these AD's a one tine
event, or are these repetitive?

W TNESS VANNOY: Well, for the Mandatory
Modi fication Program that is a one tine event. When
the airplane reaches the prescribed threshold you do
the parts replacenent, or whatever is called for.

The Corrosion Prevention and Control is
ongoi ng. You have to establish a program for every
airplane and do that work essentially forever. The
SSID applies, as | said this norning, to the sanple
fleet, and that is ongoing as long as those airplanes
remain in service.

M5 . ECKROTE: Thank you. I think it would be
a good tine right now if we can ask M. Craycraft — we
have been hearing a lot of testinony about all these
prograns, but we haven't really heard how TWA
incorporates it into their program

M. Craycraft, could you spend a little bit

CAPI TAL H LL REPORTING, | NC.
(202) 466- 9500



wW D

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1041
of tine. I know this is a broad area and you coul d
spend all day on it, but if you could just highlight
your — a break—-down of your schedul ed nmai ntenance, and
I know the Chairman had a question yesterday about the
frequency of schedul ed nmaintenance, and | don’t think
we really got a good answer on it.

Wul d you please also discuss the frequency
that TWA inspects their program -- or, inspects their
aircraft?

W TNESS CRAYCRAFT: Ckay. If I mght, |
woul d start at the nobst frequently acconplished task
which is a periodic service. That is the
identification that we put on it. That is acconplished
at a maximum interval of every other operating day when
we acconplish a periodic service.

The next |evel of nmaintenance is
acconpl i shed. W call it an aircraft service, or an
AS. That is acconplished at intervals not to exceed
100 hours of aircraft tinme in service.

These are acconplished at nuneri cal
increments . There nmay be an AS-1 and an AS-2, an AS-3
and so forth until it gets up to the next |evel of
mai nt enance which is a time control service. The tinme
control service is acconplished each 1,200 hours of

service and, of course, a TCS includes all of the itens
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that are required on an aircraft service.

Then the next |evel of operation would be a
Check-C. A Check-C is acconplished at intervals not to
exceed thirteen nonths. W have gone at different
times with an hour interval on our Check-C, but we have
since changed to a nonthly control to kind of fit in
with the Corrosion Control Program So, that is why we
went to a nmonthly figure on the Check-C.

| think we referred to the Check-D, and | am
| ooki ng here. | thought it was an op-16. No, here we
go. op-16 is what is commonly referred to as a D Check
under some or other aspects.

An op-16 is a nunmber of unit changes that we
schedul e, structural checks and inspections. That is
the time that we get into the center wing tank for
structural inspection and so forth. That is schedul ed
not to exceed forty—eight nonths for acconplishing an
op- 16.

MS . ECKROTE: Is the D Check the heavi est
mai nt enance activity?

W TNESS CRAYCRAFT: Well, we do have anot her
check that is acconplished at every other D-Check that
is called an Op-1, and it gets into further structura
items al so.

But, it also — anytinme we do any op-16,
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which is every forty—eight nonths, then all of the
| ower checks are acconplished during that time, and
then when we — if we were not doing an op-16, then we
would do the Op-1 and it would include everything that
is in the op-16.

M5 . ECKROTE: Thank you. At the op-16, the
D-Check, is it at this point that, say, like the floor
boards are pulled up exposing wring systens for
i nspections?

W TNESS CRAYCRAFT: Wll, it does get opened
up quite considerably, but the primary open-up activity
is for gaining access to all of the areas for
structural inspections.

Wiile we are in there for the structura
i nspections, our dear friends our inspectors, they have
what is called an area inspection and they are
responsi ble for inspecting all of the itens that is in
an area, and if —

1 will use the center wing tank as an
exanpl e. They are obliged to |ook at the fuel quantity
equi prent, the wiring, the plunbing and everything el se
that is in the center w ng tank.

MS. ECKROTE: Are these area inspections
pretty common throughout the aircraft, not just the

center tank?
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W TNESS CRAYCRAFT: That is correct. | just
used that as an exanpl e.

M5 . ECKROTE: Thank you. | think those are
all the questions | have for this area. Unl ess soneone
has any questions, we can get into the m ninum
equi prrent list itens.

CHAI RMAN HALL: Yes, | had a question | was
going to ask M. Craycraft. | believe on the accident
aircraft there were twenty-six fuel punp wite—-ups from
July 1, 94 to July 17, ’96. I's that an unusual
number, or is that a standard nunber?

W TNESS CRAYCRAFT: | sounds a little
unusual . | have not reviewed the fuel punp. | was
| ooking at other itens on the aircraft, sir.

CHAI RMAN HALL: M. Vannoy or M. Thomas, are
you all famliar with the Service Bulletin 74728-A-2194
that was issued August 3rd, 1995, revised January 18th,
' 967?

W TNESS THOVAS: Is that the boost punp?

CHAl RVAN HALL: Yes.

W TNESS THOVAS: Could you give ne the title
of that if you have it in front of you, sir?

CHAI RVAN HALL: Yes, it is the Fuel
Distribution Fuel Boost and Override Jettison Punps

I nspecti on.
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MR THOVAS: Ch, this is --

CHAI RVAN HALL: In the background it starts
off, “This inspection will make sure the 747 fuel punps
will not cause a leak, a fuel leak,” and it says here,

“Boei ng recommends that the initial inspection be
acconpl i shed at the next opportunity.”

| believe this is the only Service Bulletin
that was not -- that had not been acconplished on TWA
800, the accident aircraft. If I amincorrect in that,

M. Craycraft or sonmeone at the TWA table | am sure

could correct ne. but I would like to know exactly
what — a little background on that Service Bulletin
and what —

W TNESS CRAYCRAFT: If | mght, sir?

CHAI RVAN HALL: Yes, sir.

W TNESS CRAYCRAFT: That Service Bulletin was
being in the process of being evaluated and paperwork
prepared to be acconplished on TWA aircraft, but at the
tine of the accident, then it becane an AD and, so, it
was acconplished shortly thereafter.

CHAI RVAN HALL: Ckay. Could we have a little
expl anation from either M. Thomas or M. Vannoy as to
what that Service Bulletin was all about, or is — |
don't nean -- if you are not — naybe there is going to

be sonmebody el se who could discuss that.
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W TNESS THOVAS: My problem right now is
there was — is this the conduit AD, or is this the
boost punp?

CHAI RVAN HALL: It says, “Since operators
have sent reports of fuel |eaks at the fuel boost and
override jettison punps, reports tell that eight fue
punps have been renoved for this reason. The renoved
fuel punps had between 34,000 and 67,000 hours,” et
cetera, et cetera.

W TNESS VANNOY: I think that is the
connect —

CHAI RVAN HALL: It says that there should be
an initial inspection at the next opportunity when
manpower facilities are available, and then it gives
sone parameters on replacing the punps.

W TNESS VANNOY: Yes, | can provide sone
background and current status on that bulletin. The
bulletin was out before the accident, and you have a
copy there.

The concern originated when we had a |eak on
an airplane that was in maintenance, and at the sane
time there was an electrical short in the connector and
there was a small fire started in maintenance outside
the fuel tank.

After that we initiated an Alert Service
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Bulletin to do some checks on the connector for the
possibility of leaking, and also an electrical check to
check for the wiring condition.

After the accident, that bulletin was nmade an
Airworthiness Directive, but the alert status of the
bulletin was pre-existing and the FAA was in the
process of doing that work before the accident, so it
had nothing really to do with the accident.

CHAI RVAN HALL: Well, | amnot saying that it
did have anything to do with the accident. | just
noticed that that was the only Service Bulletin that I
noticed in reviewng the naintenance records, if | am
correct, Ms. Eckrote, that Boeing had issued that was
not — the work had not been done on the airplane, and
it had been put out initially on August 3rd of 1995.

It said Boeing recommends that the initial inspection
be acconplished at the next opportunity when manpower
and facilities were avail abl e.

so, | will ask M. Vannoy and M. Craycraft,
is it a policy of nmobst 121 operators that you all deal
with, or — and what is the policy of TWA when Boeing
puts out a Service Bulletin? Do you wait for an
Airworthiness Directive, or do you — what is your
experience with your operators in terns of that area?

It may just be on an individual basis, | don't know.

CAPI TAL HI LL REPORTI NG | NC
(202) 466-9500



wW D

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1048

W TNESS VANNOY: Wl l, when we put out an
alert bulletin, we normally give the operators our
reconmendations in witing as to the urgency. W also
usually tell them what we believe the FAA s intentions
are.

| think in this case at the tinme of the
accident nost operators in the world had at | east
i nspected sone of their airplanes, and nost everybody
was conplying with the recomendati ons of that
bulletin. So, TWA wasn't totally unusual . They had
not inspected all their fleet, and that was consi stent
wi th other operators.

so, when the Airworthiness Directive
followed, of course it was mandatory, and not all
ai rpl anes had been inspected per that requirenent.

MR SWAI M M. Vannoy, what is an Alert
Service Bulletin versus a Service Bulletin?

W TNESS VANNOY: Ckay, we publish an Alert
Service Bulletin. It is a higher priority bulletin
that is published on colored paper, where the regular
bulletins are on white paper, and it is a higher
priority, nore urgent and normally signifies it has
safety inplications.

CHAI RVAN HALL: Was this an Alert one, or

not ?
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W TNESS VANNOY: Yes, it was.

CHAI RVAN HALL: | got it on white paper. So,
it was an alert?

W TNESS VANNOY: Yes.

CHAI RVAN HALL: So, M. Craycraft, do you
know whet her the TWA accident aircraft was inspected at
the next opportunity in regard to this Service Bulletin
74728- A- 21947

W TNESS CRAYCRAFT: | do not know that we
actually had the paperwork out yet to acconplish the
bul I etin. I don’t have those facts here in front of
me, sir. I can look and find out, but --

CHAI RMAN HALL: Ckay, if you could provide
that for the record, | would appreciate it.

W TNESS CRAYCRAFT: Yes, sir. W have
adopted a policy within TWA that any Al ert Service
Bulletin coming from Boeing we considered the sane as
if it were a directive fromthe governnent.

CHAI RMVAN HALL: Was that before or after the
acci dent ?

W TNESS CRAYCRAFT: That was before.

CHAI RVAN HALL: Bef ore the accident?

W TNESS CRAYCRAFT:  Yes.

CHAI RMAN HALL: SO this should have been

treated as an AD?
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W TNESS CRAYCRAFT:  Yes, sir.

CHAI RVAN HALL: And the work should have been
done?

W TNESS CRAYCRAFT: Wll, | can't answer the
timng.

CHAI RVAN HALL:  Yeah. Did you find any
evi dence, Ms. Eckrote, that this inspection had taken
pl ace?

Ms. ECKROTE: No, the inspection had not
taken pl ace. However, during ny maintenance review TWA
was in the process of conpleting a nodification order
in preparation for the Airworthiness Directive that was
still being revi ewed.

so, they weren't just conpletely ignoring the

Service Bulletin. They were going through the --

CHAI RMAN HALL: Well, | am not saying they
were ignoring it. | amjust trying to understand.
M5 . ECKROTE: Right, they were still in the

process of getting it into their system and it had not
been conmpleted yet at the time of the accident.

CHAl RVAN HALL: But, now, your -- the
Mai nt enance Group’s inspection, were there any other
AD s or Service Bulletins that had not been — where
the work had not been performed on the accident

aircraft other than this one?
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MS. ECKROTE: A review of the records
determned that all of the Airworthiness Directives
that were applicable at the tine of the accident had
been acconpli shed.

CHAI RMVAN HALL: Wth the exception of this
one?

M. ECKROTE: This --

CHAI RVAN HALL: Well, this was not an AD.

M5 . ECKROTE: Right, this was a --

CHAI RMVAN HALL: What about Service Bulletins?

MS. ECKROTE: Again, Service Bulletins aren't
mandatory. W found sonme areas such as this one where
the Service Bulletin had not been acconplished. In
other areas the Service Bulletins had been
acconpl i shed.

CHAI RVMAN HALL: Do you have in the record the
Service Bulletins that had and had not?

M. ECKROTE: No, | do have in ny factua
report a reference to the Service Bulletin that we are
tal king about right now and the fuel punp, and then the
Airworthiness Directives are referenced.

CHAI RVAN HALL: Well, | think it would be
appropriate for you to find out what the status was of
the accident aircraft on all the Service Bulletins that

were issued by Boeing because M. Craycraft said that
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they had -- they are equivalent to ADs as far as TWA

was concer ned.

M. ECKROTE: I will look into that, yes,
Sir

W TNESS CRAYCRAFT: Let ne rephrase that, M.
Chai r man. That is Alert Service Bulletins, not all

Service Bulletins.
CHAI RMAN HALL: Just the Alerts?
W TNESS CRAYCRAFT: Yes, sir.

CHAI RVAN HALL: Ckay, well then let’s be sure

you clarify the difference between -- | apol ogi ze, M.
Craycraft. | was given so nany pounds of paper to read
for this hearing, and | don't — this is all on white

paper, and | appreciate knowing the difference between
the Alert and the regular Service Bulletin.

W TNESS CRAYCRAFT: I mght help you a little
bit on that. An Alert Service Bulletin has an “A’ in
t he nunbering system such as the Service Bulletin you
are referring to is 74728-A-2092. The 'A indicates
that it is an Alert Service Bulletin.

CHAI RVAN HALL: Ckay, other questions from
t he Techni cal Panel ?

(No response. )

M5 . ECKROTE: | don’t think so. I think we

are ready to get into the mnimum equi pment |i st
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i ssues.

CHAI RVAN HALL: Well, | want to get into
this -- is anybody going to get into this one thing on
the -- there is one other thing that was stuck in ny

menory, and that is on this shield, the work you did,
M. Thomas, on the shield, the Service Bulletin that
went out on the shield over the H gh-Z and Low-Z
fire -- wiring for the fuel quantity system

Can either one of you all help ne on what --
what that was issued for and what — if that has any
si gni ficance?

MR RODRIGUES: M. Chairman, Boeing -- the
Boei ng tabl e?

CHAI RVAN HALL:  Yes.

MR, RODRI GUES: | have heard that is the
shield from the Madrid accident.

(Di scussion off the record. )

W TNESS CRAYCRAFT: I think you are referring
to the Service Bulletin that was issued after the
Iranian accident; is that correct, sir? If it is, yes
that was an AD, and that was acconplished on that
aircraft.

CHAI RVAN HALL: Well, | amreferring to a
letter from Cctober 2nd from Boeing to M. Swain, and I

will send it down and then — while we continue. It
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says “FQS wire shielding, TWA 747-100 accident near
Long Island, " and | don’t see the exact date.

That may be it, but it canme from M. Pervis,
and | just wanted to — it was a — what got ny
attention was it was an action that was taken after the
initial design. M/ question was, why was the shield —
why was the shield added, or would you rather just have
the — let ne send this over, and then you can answer
that |ater, then.

W TNESS CRAYCRAFT: M. Chairman, if | could
ask a question for just a nonent in your reference to
the fuel punps?

CHAI RVAN HALL: Urn-hum

W TNESS CRAYCRAFT: Is that fromthe
mai nt enance records of the sixteen itens?

CHAl RVAN HALL: Yes.

W TNESS CRAYCRAFT: | believe that identifies
the sixteen punps that is in the aircraft and, so,
there is an entry there for every punp in the airplane
and its history on the airplane.

CHAI RMAN HALL: That’s right.

W TNESS CRAYCRAFT: Not necessarily the
removal tine. It just goes back the full back history
of when those punps were installed and why.

CHAl RVAN HALL: well --
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W TNESS CRAYCRAFT: Sone of them were for
routi ne —

CHAI RMAN HALL: Let me say, M. Craycraft, |
have -- there is nothing that has been presented to the
Board through the maintenance study that indicates any
concerns that | am aware of at this tine in regard to
t he mai ntenance of the aircraft.

However, there are sonme things that | was
trying to understand so that we could be sure that we
cover all of this, and in reading all this material |
not ed, because we had a great deal of discussion about
the probes and the wires, and of course the probes had

wires and the wires run through various parts of the

airplane, and we also have in the tank punps — and
that was --

The purpose of nmy question was — | ooki ng at
the wite-ups on the punps -- was whether that was
anything - anything unusual, or not. Ws -- and that

just kind of stuck at me, plus the fact that the --
that this was the only Service Bulletin that Boeing
had -- | guess it was an Alert Service Bulletin that
the Chairman is aware of that had not been perforned,
and | thought there should be some explanation on the
record for what that was.

Again, we have no way of know ng whether that
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had anything to do or not with the TWA 800 tragedy. W
are just trying to be sure that we cover each — you
know, each trail that we shoul d.

W TNESS CRAYCRAFT: Yes, sir, and a quick
review of those sixteen itens, there are — it has
identified every punp on the airplane and the date it
was installed, and at quick glance — here is one, for
exanple, that had been installed in 1991.

so, that goes back to a clear installation
record of all of the punps. So, that is why there is
sixteen entries; there is one for every punp, sir.

CHAI RVAN HALL: No, | amtalking about wite-
ups, not entries. But, you are telling nme that when
the punp is installed that is a wite-up, as well?

W TNESS CRAYCRAFT: Yes, sir, that is an
identification.

CHAI RVMAN HALL: Ckay, that’s very hel pful

because | don't want to have any m s-inpressions on

that at all. \Well, vyou proceed into the MEL, and we
will cone back to Ivor and M. Thomas in a mnute.
W TNESS THOVAS: I can answer that question

now, if you wish, M. Chairman?
CHAI RVAN HALL: Yes, sir.
W TNESS THOVAS: This particular H gh-Z, Low

Z shield was added on |ine nunber — around about |ine
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nunber 400. It was a concern about accuracy of the
FQS .

There was a five volt, light-dimnmng circuit.
M. Hahn (sic) explained this yesterday. I will just
refresh it. I am not an electrical engineer, so this
will refresh your menory.

There was a five volt dimmng system that for
EM reasons was applying a signal onto the FQ S wiring
that was sufficient to cause a mld gaging system
i naccuracy to show up, and we wanted to correct that.
so, that was why that shield was added.

CHAI RVAN HALL: Now, does that have anything
to do with the fuel flow indicator on this? That
doesn’t lead to the fuel flow indicator that was
fluctuating at all?

W TNESS THOWAS: No.

CHAI RVAN  HALL: That is all | was interested
in. Okay, who's up? M. Weneyer, are we going to get
you to actually ask a question? Please proceed.

MR. W EMEYER: Thank you, M. Chairnman. The
next discussion is really not part of the aging
aircraft, per se. It has to do with what we call the
MEL, or m nimum equi pmrent list for an aircraft.

The general public becones aware of itens

that pertain to a mninum equi pnent list as a result of
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an agent or a crew nenber generally making an
announcenent that the flight is going to be del ayed
because such and such has to be repaired.

The regulations permt certain itens of
equi prent to be inoperative on an aircraft, and that
aircraft may continue to operate for various |engths of
time with that equi pnment inoperative.

I would like to start out by asking M. Crow

if he would explain what the nechanismis with regard

to mninum equi pnent list and how the mninmm -- excuse
me — mnimum equi prent |ist was devel oped.

W TNESS CROW I would be happy to address
that, M. Weneyer and M. Chairnman. In 1964 the

Federal Aviation, through the Federal Aviation

Regul ations, authorized the use of the mninum

equi prent list for inoperable equipnment — instrunents
and equi pnent. The regulation -- without trying to
sound bureaucratic, the regulation is FAR 121-628.

This contains all of the policy and sone
procedures for inplenenting the policy. Basically, it
says, as you paraphrased, that a certificate holder --
and a certificate holder, M. Chairman, is an air
carrier, anyone that is involved in the business of air
transport, as a matter of fact.

But, they are authorized by this Federal
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Aviation regulation to have certain instrunents and
equi prrent i noperable as long as the FAA through the
princi pal mai ntenance inspector, has issued as an
aut horization to that air carrier operations
speci fications D-95.

The operations specifications detail the
[imtations of the MEL, the tine limts for which
certain category itens nmust be repaired, and it also
gives a provision for a continuing authorization for
MEL extensi on.

W issue this routinely to air carriers that
have denonstrated through the certification process
that they do, in fact, have all of the tools and
equi prent, personnel and parts along -- at specific
points along its route to service its aircraft as a
certification requirenent.

W will maintain that Qo spec as long as that
continued authorization is net. Bureaucratically
speaking, that is FAR 121-105 as it applies to donestic
and flight operators.

The MEL concept is not a concept that is only
in the air carrier industry. For many years the
mlitary has had delay discrepancy lists that
correspond with our MEL program In some cases they

were nore lenient, and in sone cases they becane nore
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aligned with our MEL procedures.

In 1978 the FAA, through the sanme process of
regul ati ons, authorized 135 operators the sane
privilege, and in 1991 they allowed single engine
operations with MEL privil eges.

The process of developing an MEL starts with
t he manufacturer and the proposed operators when a new
iteration of aircraft is being devel oped. The folk
that are going to be flying the airplane and the
manuf act urer col |l aborate together using the best m nds
they have to identify those systens that have the
redundancy to allow the aircraft to be operated to the
hi ghest degree of safety in air transportation, such as
the Federal Aviation Act of 1958 described before it
was renodified.

In doing that and presenting to the Aircraft
Eval uati on Group, and nore specifically the Flight
Standards Flight Operations Evaluation Board, people
that have the ultinmate responsibility for the
managenent and revision of the MVEL, master m nimum
equi pment list, they will provide that list that they
have prepared to the FCEB Chairman

When it comes from the manufacturer and the
proposed users of that MVEL, it conmes as a, quote,

“proposed nmaster mnimum equipnent list.” It is a

CAPI TAL H LL REPORTI NG | NC
(202) 466-9500



wW D

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1061
wor ki ng docunment that will continue to be used by the
FCEB -- and | will use that acronym because it is
easier to say, Flight Operations Evaluation Board --

t he manufacturer, interested operators, other parties,
specific people fromthe FAA and all three disciplines,
operations, maintenance and avionics, and they wll
forma Board that will evaluate that proposed master

m ni mum equi prent | i st.

Before that naster mninmum equipnent list is
accepted and authorized - approved and authorized for
use by the comunity, it nust — the Board nust reach a
consensus of opinion on all itens that are allowed to
be -- to be -- have equipnent that is inoperable.

Once the FOEB approves that docunent, then it
is sent to the Air Directorate in Washington, it goes
on the MEL bulletin board and it is nmade available to
t he general public. It is made available to all of the
air carriers where they can develop their own
i ndi vi dual m ni nrum equi prent |ist.

Now, the m nimum equipnent list that the air
carriers develop in cooperation with sonme of their
vendors and manufacturers, et cetera — and this
information flows to them from the manufacturer
Boeing, in fact, provides sonme support to its operators

of its airplane in the form of a dispatch deviation
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guide that helps them identify naintenance and
operations activities that rmust be acconplished before
t he airplane can be dispatched.

But, once this MEL is put together by the
operator, the principal maintenance -- principal
operations inspector has the final authority for that
MEL docunent. Before he or she woul d approve that
docunent, it would be a coordinated effort between al
three principals on there that have certificate
managenent responsibility for that air carrier

Once they reach a consensus on the operator
and the certificate holder’s MEL, then it would be
approved. At that point, as a Principal Mintenance
I nspector, | would initiate and authorize that operator
to use that m ni mum equi prent |ist.

so, it has been around a long tinme, it is
devel oped in the interest of safety and to allow the
air carriers to have sone dispatch reliability, and in
the highest interest of safety to operate the aircraft
it has system redundancy to performand do the job it
is intended to do in air transportation.

MR SWEEDLER Excuse me, M. Crow. Coul d
you just give us sonme exanples of the type of equipnent
that can be inoperative and the airplane still be

all oned to operate?
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MR CRON Yes, sir, | will try to speak to
that, M. Sweedler. The Boeing 747 master m nimum
equiprent list is a list of itenms of two — excuse
me -- 299 pages. This includes -- this includes the
title page, the table of contents, the list of
revisions, the list of effective pages, a short summary

of each one of the changes that occurred to the MVEL,

the definitions which is quite extensive -- severa
pages, eight or nine pages — and the preanble to the
MEL .

The remainder of it is standard ATA Code 100
items that are listed as part of the systens on the
ai rpl ane that have been agreed upon by consensus that
can be deferred. There are many itens.

MR SWEEDLER But, | was interested in an
exanpl e. G ve us an exanple of a half a dozen itens.

MR CRON (One classic exanple would be a
boost punp. The fuel tanks have the redundancy. Most
of them have at |east two boost punps. Sonme may have
nore dependi ng upon the aircraft that you may be
tal ki ng about.

Because of the redundancy and because the
inerrant |evel of safety is still present with a boost
punp inoperative, that aircraft may be dispatched in

some cases, in accordance with its individual MEL and
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the MMEL, with the boost punp inoperative.

There are other things. There are typically
three — there are four classes, M. Sweedler, of itens
by tine category.

W have a Category A item which nust be
repaired in accordance with the FAR or any other
approved docunent that [imts how long that item can be
i noperative .

W have a Category B itemthat will allow you
to operate with that particular item inoperative for 3
days. You have a Category Citemthat will allow you
to operate the aircraft with that particular itemfor a
peri od of 10 days. You have a Category D item that
woul d allow you to operate the airplane for 120 days.

| spoke earlier to a continuous authorization
for MEL extension, and those only apply to category B
and C itens, because Category A itens are defined by
the FAR or other approved docunents. Category D itens
are typically cabin convenience itens and
adm ni strative itemns.

MR, SVEEDLER: How about an exanple of a
pi ece of equipnment that would fall in each of those
four categories?

CHAI RVAN HALL: Go ahead, and then let’s nove
on, M. Sweedler.
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MR SWEEDLER: Ckay.

W TNESS CRON  Category D itens would be
items that — well, | amtrying to make reference to
sone that | really know about rather than trying to
draw sone fromthe 747 MVEL.

Category A items mght include those things
such as — depending on a particular type of operation,
and I will try to keep this very sinple. If a person
was going to operate the aircraft in a VFR environnment
only, visual flight rules environnent only, day tine,
he may be authorized to operate that aircraft w thout
navi gation lights, and the operative word is “may,”
dependi ng on the individual MEL.

The Category B item could be -- depending on
the MMEL, could be a fuel system conponent. It could
be a piece of navigation equipnment, or a Category C
itemcould be simlar to the sane.

Category D itens typically put thenselves in
the position of cabin convenience itens or other itens
that do not affect the airworthiness of the aircraft.

VMR, SWEEDLER: Thank you, M. Crow.

W TNESS CRON  Yes, sir.

MR WEMEYER M. Crow, who actually
devel ops the itens on the m nimum equi prent |ist?

W TNESS CROW  The nanufacturer and proposed
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operators will develop the proposed master m ninum
equi prent list for delivery to the FOEB, and then the
FOEB has the responsibility and accountability for the
managenent and revision of that docunent.

MR. W EMEYER: If you would, please, briefly
detail when a discrepancy is found the process that
t hat di screpancy goes through and who |ooks at it, who
makes deci sions and who is responsible for the
application of a mninmm equiprent |ist.

W TNESS CRON  Well, typically the discovery
of discrepancies could conme fromtwo different places.
One, a pilot report which we refer to as pi-reps, or it
could be from a mai ntenance person working on an
airplane that is an in service airplane.

An in service airplane is an airplane that is
eligible for dispatch. An out of service airplane is
one that is in extended maintenance or inspection. So,
typically, if you have an in service airplane — and
this is the only place that you would be concerned
about dispatchability — it would typically cone from a
pilot wite-up, or from a nmintenance discrepancy
di scovered during one of the |esser checks, like a PS
Check or sonething of that sort.

Once the maintenance folk in debriefing with

the Captain and understandi ng the discrepancy, or on
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their own initiative by finding a maintenance
di screpancy discovers that, then that information is
passed on through the maintenance control processes of
each air carrier.

It finally ends up in the D spatch Center
where the aircraft dispatcher has the responsibility to
notify the flight crew that there is an item of
i noperative equi pment or instruments, and that they
make a determination as a dispatcher in concert with
the flight crew and put that information on the
di spatch rel ease.

It is incunbent upon the Captain of the
aircraft or flight crew nenber that when they do have
an itemit is MEL d. Generally, you will find that the
flight crews will check their m nimum equi prent |i st
that they are required to have with them either in
printed formor in another formto determne the
[imtations of that MEL’d item before they depart.

MR W EMEYER: Ckay, and ny final question in
this area is what kind of l|atitude does the operator
and the principals for the FAA have in working within
the m nimum equipnent list? Can they change it and, if
so, how much? -- and that type of information is what |
am | ooki ng for.

W TNESS CROW Well, first of all and nost
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foremost, the operator’s MEL cannot be less restrictive
than the MMEL. The Principal Operations |nspector
having the final authority for the devel opnent and the
approval of the operator’s MEL can within certain
limtations approve changes to the operator’s MEL as
long as it is less restrictive than the master m nimum
equi prrent |ist devel oped and approved by the FCEB.

MR. W EMEYER: That brings up one fina
questi on. The time limts that are placed on each
category, how are those arrived at?

W TNESS CRON  How are they arrived at?

MR W EMEYER Yes.

W TNESS CRON  They are identified in the
preanble to the MVEL and the MEL. These are
| ongst andi ng provisions that have been in place, and |
woul d suggest to you wi thout specific know edge that
t hey have been there since the 1964 era.

MR. W EMEYER: But, you don’t know the
rational e behind their devel opnent?

W TNESS CROW Wl |, because certain things
have nore criticality than others, and it is inportant
that the air carriers take action to return the
aircraft to its full top certificated status at the
earliest opportunity.

An MEL itemor a CDL item-- and | nay
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di scuss that -- are actually a revision to the type
design, but no further approval is required in order to
do the -- to exercise the MEL provision.

MR W EMEYER: Ckay, thank you. I would Ilike
to turn the questioning back over to Ms. Eckrote now to
deal with the specifics of the aircraft involved in the
TWA acci dent .

MS . ECKROTE: Thank you, Norm | have sone
guestions for M. Craycraft. M. Cow did answer sone
of the questions | was going to ask. I would like you
to kind of nore detail TWA's procedures as far as what
are your procedures when an item of equipment is
recorded inoperative, or a systemis reported
i noperative?

W TNESS CRAYCRAFT: Well, the first procedure
is that if an item beconmes inoperative, it is obvious
to the flight crew that they have sonmething that is not
wor ki ng properly, so they nake an entry in the aircraft
log book. So, that is step one.

Step two, then, is it arrives at a station
and the maintenance personnel there have the
opportunity to either repair that item if they have
the opportunity, or if they don’t have the tine to
repair it or the equipnment to repair it, they may apply

the MEL application to it.
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In the case of the accident aircraft, it had
four open MEL's on it. If you would like, I would just
go ahead and go through those itens.

M5 . ECKROTE: Yes, if you would, please, and
| think that will help M. Sweedler in identifying
exactly what an MEL is. Wuld you please identify it,
and then what the procedure or penalty is for each of
t hose itens?

W TNESS CRAYCRAFT: Yes, sir. These — three
of them happen to be Category C itens, and Category C,
to remind you, is a ten calendar day itemthat the MEL
permts us to operate that aircraft. That is the tine
limt.

Qbviously, our intent is to restore the
aircraft to its full configuration at the first
opportunity, but many tinmes we are on a very tight turn
schedule to get the airplane flying and we like to
allow the aircraft to an overni ght naintenance where we
can conveniently repair the item

The first itemis a nunber three engine
thrust reverser nmalfunction, and that problem devel oped
on July the 7th at Tel Aviv, and they replaced a
pneumatic drive notor for the thrust reverser, and that
didn't fix it.

so, then the airplane then flew under the
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auspi ces of the MEL, and then JFK replaced sone flex
drives cables that had been sheared, and that still
didn't fix the item so the item remained under the MEL
auspices. So, that was carried on.

But, the item obviously has to have the
concurrence of the maintenance coordinators to be
carried on an MEL. It is entered into our AWMPS system
and is tracked by the AMPS, and that is what it is.

Now, with the thrust reverser there are some
penal ties involved, and sone interacting activities
that the reverser nay be inoperative, and only one on
the aircraft of which there is four reversers,
obviously, and only one can be inoperative, and it can
only be inoperative provided the anti-skid system the
aut o—spoi l er systens are operating nornmally and that
there is no damage on the thrust reverser which would
inmpair the structural integrity of the thrust reverser

so, it isn't just a carte blanche that we can
go with the reverser inoperative. W have to do sone
i nspection and sonme procedures and assure that other
itenms on the airplane that could affect the function of
the aircraft are verified, also.

Li kewi se, they have to |l ock the thrust
reverser in the forward thrust position so that it

cannot inadvertently deploy and cause greater problens.
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CHAI RVAN HALL: You might, if you wouldn't
mnd, M. Craycraft, sort of tell us what the function
of the thrust reverser is, for those that m ght not be
famliar with it.

W TNESS CRAYCRAFT: Ckay, | amsorry, | am
too used to airplanes. The thrust reverser is a device
on the engine that when the flight crew |land the
aircraft and the gear are firnly on the ground, they
can extend reversers.

On our airplanes we only have fan reversers.
The airplane as it was originally delivered had fan and
turbine reversers, but we deactivated our turbine
reversers and just have the fan reverser. That is up
around the front end of the engine.

There is a sleeve that slides back around the
engine, and then there is blocker doors that come in
behind the fan air exit area and deflect the thrust of
the fan blades forward to reduce the forward speed of
the aircraft after the aircraft has | anded. I's that
satisfactory?

Anot her item was an oil quantity on the
nunber three engine, and | forgot to say that was
nunber three engine on the thrust reverser. On an oi
quantity being inoperative, you have to service the

engine full with oil each tinme before the aircraft is
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departed. So, that is the penalty that is involved
there, and that itemwas still an open item when the
aircraft left JFK. That is a Citem also.

Anot her item was the nunber three left
| eadi ng edge flap anber |ight stayed on when the
| eadi ng edge flaps were up, and that is a Citem That
was entered on July the 15th, and it was still an open
item They had checked it and verified that the
| eadi ng edge devices were operating properly, but it
was just a light mal function.

The other itemis |ikewi se a check — a
Category Citem and it was on July 17th in Athens.
Going into Athens it was reported that the Captain’s
weat her radar indicator was inoperative. So, At hens
di spatched it, part of the MEL.

There was anot her weather radar on the
aircraft so that they did have weather radar coverage.
so, it was no operational penalty to dispatch with one
weat her radar indicator inoperative.

W had one CDL item and | don’t know that
the CDL was described in the extent that the naster
MEL, but that is -- configuration deviation list is
what a CDL is, and we had one itemthat on July the
4th, at Madrid we had a |left hand canoe ferring for the

nunber two trailing edge flap.
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Wien you -- that perhaps needs sone
di scussion of what is a canoe ferring, and if you have
seen a 747 and you | ook out there under the trailing
edge flaps, there is a huge device that |ooks like a
canoe. That is actually a ferring to cover the
structural aspects of carrying the flap carriage.

so, that is a canoe ferring is what it is
referred to, and it may be inoperative and — or, nay
be mssing fromthe aircraft, and there is a runway
penalty for operating with that ferring off of there.
so, that, likewise, the crew would have to be advised
of these things, of every MEL item

The instrunment or indicator in the cockpit
that is inoperative has a placard on it so indicating
it is inoperative. There is a placard that is
installed on the aircraft |og book that identifies what
the wite-up actually was and why that is inoperative,
and then it is transferred to what is a deferred
mai nt enance page in the aircraft |og book where it is
carried until it is corrected, and it is entered into
the AMP system which | nentioned earlier that tracks
all of the aircraft log itenms, including the ones that
are not corrected.

so, whenever an aircraft comes to a station

its work is performed. An open item AWPS sheet is sent
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to that station. Then they have the opportunity to
work on it, or — as manpower and naterial are
available to correct the itens.

CHAl RVAN HALL: Very well, and one |ast
clarification. Maybe you could tell us again what a
CDL is versus an MEL and what the difference is.

W TNESS CRAYCRAFT: Configuration Deviation
List is what CDL is. That neans that it is a — it is
primarily structural ferrings and that sort of thing
where it is sonething that is deviation fromthe
configuration of the aircraft, whereas a master MEL —
that is the nmaster MEL, MVEL —— and we use the term
mast er equi prent and di spatch procedures book within
TWA for our nmintenance people, and that is where we
have the list and the procedures for follow ng the
utilized — the MEL item

The flight crews |ikewi se have an MEL in
their flight hand book, but they don’t have the
mai nt enance procedures that nust be acconplished when
we dispatch an aircraft with an MEL item

CHAI RVAN HALL: Ckay, thank you

WTNESS CRON M. Chairman, | just want an
addendum to what M. Craycraft had said. For the
record, the CDL is not a part of the MEL. Many

operators place it there for the convenience of the
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operators, but the CDL is actually an addendum to the
approved flight manual, and typically there is where it
is placed.

CHAl RVAN HALL: Thank you.

M. ECKROTE: M. Craycraft, what procedures
are in place if the MEL item cannot be acconplished or
fixed in the appropriate tine period?

W TNESS CRAYCRAFT: Wthin the procedures and
with the regulation it allows that in unusual
circunmstances where the repair tine limts described
cannot be met, it is possible to extend the repair
deadl i ne under controlled conditions.

These time extensions, and | think M. Crow
referred to that, apply only to Category B and C itens.
Before we consider an MEL extension item it is our
Mai nt enance Coordi nation Goup that has the
responsibility to assure that all reasonable efforts
and possibilities for correction have been extended
before we apply for extension of the MEL

Wien | say apply for an extension, the
extension is really granted by one of our staff nenbers
in the Mintenance Departnent. The requirenment is to
provide that MEL extension itemto the FAA within
twenty-four hours, upon which the FAA can then review

it, and when | say FAA, the Principal Inspector holding
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the certificate, he reviews it and if he concurs wth
it then we have the extension that we requested. He
has the prerogative of refusing the extension, at which
time the next time the aircraft lands, that’s where it
sits until it is repaired.

M5 . ECKROTE: Thank you. M. Crow, is there
anything you can add to that, or is that definition
adequat e?

WTNESS CRONW | think M Craycraft is doing
an excellent job explaining that, and | appreciate
t hat .

MS . ECKROTE: Thank you. | have just one
| ast question for M. Craycraft. Wwo has the ultinmate
responsibility to deternmine that the flight can be
conducted in a safe manner under the flight conditions
anticipated using the MEL?

W TNESS CRAYCRAFT: Vell, ultimately it is
the Captain’s responsibility to determne that there is
nothing on the aircraft that he -- when he takes the
aircraft, it is his responsibility to assure that
everything is there.

O course, certainly maintenance is in no way
attenpting to deter from safe operation of the aircraft
when we ask the crew to take an item on MEL.

M. ECKROTE: SO in a case on the departure

CAPI TAL H LL REPORTI NG | NC
(202) 466-9500



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1078
of Flight 800 when we had four MEL itens and one open
CDL item you know, is it the Captain’s responsibility
to also make sure that the interrelationship of those
systems won't interfere with the safe operation of the
flight?

W TNESS CRAYCRAFT: Yes. O course, it
certainly is a maintenance responsibility to begin
Wi th. W don't place the flight crew in that sort of a
situation, but ultimtely, yes, it is the flight crews
responsibility. He is the one that accepts the
aircraft. I mght add, if he chooses not to take an
item under MEL, he has the prerogative also.

M5 . ECKROTE: How does the flight dispatcher
fall within all of this, his responsibilities?

W TNESS CRAYCRAFT: | am not involved in the
flight dispatch aspect, so | really can't answer that.

MS . ECKROTE: Ckay, thank you very much.

CHAI RMAN HALL: Now, M. Craycraft, | have
one question. On page 21 of the systens report at the
top of the page. I think we should clarify this. It
says, “After the accident on July 17th, 1996, a
nmechanic reported to the National Transportation Safety
Board Qperations Goup Chairman that during the fueling
process for Flight 800 at JFK the fuel system shut

down. *“
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“The mechanic reported that the circuit
breaker was pulled and the pressure fueling process was
continued. After the fueling was conplete, the circuit
breaker was reset. The nmechanic reported that an entry
in the aircraft maintenance | og book was not made prior
to the departure of the flight.”

I was wondering if you could tell us, since
this involved the fueling of the aircraft before the
accident flight, you know, if you could explain that
process to us. Was that sonething that should -- in
any way was inpacted by the MEL, the CDL and shoul d
there have been an aircraft maintenance |og book wite
up on that incident, or iten?

W TNESS CRAYCRAFT: Yes, there should be
because anytinme there is a nmalfunction on the aircraft
it is supposed to be recorded in the |og. That is the
first answer to your question.

Secondly, a reviewing on page 20, also it is
making reference to difficulty with the aircraft wth
fueling, and w thout know ng specifically what happened
on that incident, but this -- | would go back into the
volunetric shut-off system which was described by M.
Taylor, | believe of Honeywell, since they nake the
volunetric shut—of f system

But, that is really where the nub of the
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problem was on this particular aircraft, that the
vol unmetric shut—off system has the capability of
shutting down the fueling on the aircraft. A fueler
will normally go out to the wing, open up the wng
panel, connect his hoses, of course statically ground
his fuel truck to the aircraft and to ground, and begin
fueling

Power is applied to the wing fueling pane
when he opens the door so that he can open the fueling
valves to permt fuel to go fromthe fueling nmanifold
into the individual tanks. He has a switch on the
panel for each individual tank to control where the
fuel is going that he is putting into the aircraft.

The volunetric shut-off system was a device
that will shut the system down if he were not paying
cl ose enough attention and tried to put too much fuel
in the airplane and — but, it |ikew se has the
capability that if sone mal function occurs it could
shut it down at any tine. I think that was what was
happening on this airplane. W were having sone
difficulty in the vol shut-off system that was shutting
t he fueling down.

CHAI RMAN HALL: The system M. Vannoy or M.
Thonmes, the wiring for that system where does it run?

W TNESS VANNOY: | don’t think either one of
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us has the specific answer for you, M. Chairman

CHAl RVAN HALL: Do you know, M. Swainf

MR SWAI M Yes, sir, we wll have that up
here in just a second.

(Slide shown.)

United States Information Agency. There we
go. The volunetric shut-off runs comonly between the
el ectrical conpartnment and the flight deck of the right
side at about station 360. That is the orange line
runni ng up under the cockpit there. Up fromthere to
the cockpit.

CHAI RVAN HALL: Ckay, well, does it run
parallel with any of these other things we have
di scussed, the FQS, the indicator for the four --
nunber four fuel flow and —

W TNESS VANNOY: In that short portion of the
run you have the blue line which is the fuel flow
wiring comng in fromthe w ng. It goes to a conputer
down there in the EQE which happens -- see that right
near the electrical equipnment center which happens to
sit right near the volunetric shut—off computer, and
fromthere they are routed together up to the flight
deck through that orange wire -- that orange line.

CHAI RMAN HALL: M. Craycraft, as you alluded

to, on page 20 of that report it says that the aircraft
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mai nt enance | og book entries fromJuly 1, *94 through
July 17th, ’96, which is over a two-year period of
time, so |l want to be sure — indicate that “the
aircraft experienced several intermttent problens not
accepting fuel. In nost cases the aircraft was
pressure-fueled and the action was deferred, ” and then
it lists those itens.

Is this sonmething that you have to deal with
in a maintenance situation, and is it related to the
age of the aircraft, or is this just a common probl em
with the 7477

W TNESS CRAYCRAFT: Wll, ny first response,
it is not related to age because we have had — at
various tines have had difficulty with the volunetric
shut —of f system on the aircraft. But, in ternms of
conparing this aircraft to others in the fleet, | have
not nmade a conparison such as that, and there are
others, ny conpadres that are responsible for the fue
guantity in that system

CHAI RMVAN HALL: well, if there is anything
else that TWA would like to put on the record in that
regard, please supply it.

M. Thomas, what has been Boeing’ s experience
with this volunetric problem which M. Craycraft says

is -- 1 don't want to characterize what M. Craycraft
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said exactly, but indicated was sone problenf?

W TNESS THOVAS: | am aware that occasionally
we do have problens with the volunetric top-off. There
was a question posed |ast night. The gaging systemis
basically a nass indicating system It is measuring
how many pounds of fuel on board the airplane.

Qbviously, the tank itself has a finite
nunber of gallons of volume that it can take, so the
vol unmetric top—off system has to in effect convert the
mass indication or information coming fromthe FQS
into a volume, and then keep track of how many vol une
is in the tank and shut off the tank before the vol une
is exceeded.

so, it is basically a conversion from pounds
of fuel going into the tank to how many gall ons of fuel
is going into the tank.

CHAI RVAN HALL: So, the end of this is in the
tank itself?

W TNESS THOVAS: It is the gaging system
There is a signal comng from the gaging system which
i s pounds.

CHAl RVAN HALL: Well, what could have caused
this problenf \Wat are the various things that can
cause this thing not to work?

W TNESS THOVAS: I am not enough -- | am not
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famliar with the exact details. It could be a --
there is a conpensative problem or a |loss of signal
into the volunetric top-off system where it would say |

don’t know how many gall ons have gone into the tank

therefore I will shut the system down.
It is a fail-safe system It would say, if I
don’t know what is going on, | wll signal the system

to shut down, and the nechanics have the option of
bypassing the volunetric top-off system and basically
wat chi ng the gages very carefully and stopping the fuel
when they get the right anount nanually. They have a
switch at the refueling station.

CHAI RVAN HALL: Ckay

W TNESS THOVAS: | don’t know the details of
the specific event, but that is typically what --

CHAI RMAN HALL: What type of wire is used to
t hat systenf

W TNESS THOVAS: | personally have -- | do
not know, sir.

CHAIRVAN HALL: M. Taylor, if you could find
out and provide that for the record, | would appreciate
it.

Any other questions from the Technical Pane
before we nove to the parties?

MR SWAI M Yes, sir. Questions cone up
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about fuel indication discrepancies. It is — in M.
Eckrote’s Exhibit 11-A pages 22 and subsequent, there
are several pages of wite—ups on fuel flow indication
probl ems, gages that were placarded “inop” or gages
that were inaccurate, and | was wondering if M.
Craycraft could discuss what -- at least in those two
areas, Wwhat are the typical wite-up and response as
far as if you have to placard it, and the typica
response for an inaccuracy of the fuel gage?

W TNESS CRAYCRAFT: | am sorry, Bob, | really
haven’t had an opportunity to review the information.
| wasn’t prepared to |ook at the fuel quantity aspect
of what the mal functions were there.

| had | ooked at the fuel flow, since that has
been kind of a hot topic to discuss, and there was one
item where — | am | ooking at page 24 of the report,

the bottom item where the nechanic quoted as suspecting

Wi ring.

But, if you continue on looking in that
report, that was -- a fuel flow transmtter was the
culprit there, the device - the transmtting device on

t he engine which caused the malfunction on that. So,
but in terms of saying typically what is a fuel
quantity, | would need to go back and review the data

and provide that to you.
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MR SWAIM  Wuld you please? W would like
to know how it is placarded. Actually, could you at
| east discuss that side of it? |[If something is
pl acarded inoperative, if it is inaccurate and they
placard it, how would they do that?

W TNESS CRAYCRAFT: Well, the placard is put
on the gage at the flight engineer’s station to
indicate that that unit is inoperative, and if | could
use the term nology that we use where for an ADL item
for an aircraft item that if the itemis not
performng its intended function as it is supposed to
it nmust be considered inoperative.

so, even though it nmay be reading, and
readi ng inaccurate, but as far as our termnology is
concerned that is inoperative and we would placard it
that way and carry it per the MEL. | believe --
don’t have that page of the MEL, but that only one
i ndi cator per aircraft can be inoperative.

MR SWAI M Now, when they do that, do they
pull the circuit breakers, or sonehow further sever or
cut off power to that system or just sinply put the
| abel “inop” on the indicator?

W TNESS CRAYCRAFT: | believe there is only
one circuit breaker that feeds the entire fuel quantity

system so they could not pull the circuit breaker
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They would now only have to just leave that in and
pl acard that item

MR SWAIM  Very well, thank you.

CHAI RMAN HALL: Any other questions from the
Techni cal Panel ?

(No response. )

If not, | believe we are back at Crane
Conpany Hydro-Aire. Do you have any questions for
t hese wi tnesses?

MR. W EMEYER: Thank you, M. Chairman.
Crane has no questions.

CHAI RVAN HALL: Thank you. Now t he
I nternational Association of Mchinists and Aerospace
Wrkers, the people that actually perform the work that
we have been tal king about all afternoon, do you have
any questions for these w tnesses?

MR, LIDDELL: M. Chairman, yes, we have just
one question for M. Swaim Could you informus as to
the age of the Philippines 737 that had the center tank
expl osion? The relative age, not specific.

MR SWAIM  Actually, | didn't work that
accident, but M. Haueter did. Maybe he can answer it.

MR. HAUETER That airplane is approxi mately
six years old. It is a 737 300 series. It was fairly

new at the tine.
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MR LI DDELL: Thank you.

MR. RODRIGUES: M. Chairnman, Boeing?

CHAI RVAN HALL: Yes.

MR RODRI GUES: | believe that it was six
nont hs ol d, Tom

CHAI RVAN HALL: Well, let’s -- we have got
the report in here. Let’'s find out for sure. W don't

want to have any incorrect information here on that

mat t er.

(Pause. )

| thought | saw the 737 report in here,
didn't |, Deb? Were is it?

(Pause. )

Si ngapore accident, O Hare accident, Madrid
acci dent .

MR SWAI M It should be in Exhibit 9(d).
CHAl RVAN HALL: Here it is.

(Pause. )

Well, this is your registration nunber E1BZG

a Boeing 737 300 aircraft. Does Boei ng have the

information on how old it is? | wll be glad to accept
that if you do. | don't --
(Pause. )

1 don’t see it right here in the report.

This is, | mght point out, a report of the Republic of
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the Philippines Departnent of Transportation and
Communi cations Air Transportation Ofice. The Nati onal
Transportation Safety Board was a party to this
i nvestigation. W did not conduct. W were not the

| ead agency on the investigation.

(Pause. )

Vll, let’s -- we will conme back and correct
the record on that so we are sure once we — M. Pervis
is usually a fountain of know edge. | am sure he nust

know, either he or M. Dorner.

Yes? Did you know, John, the age of the
aircraft?

MR RODRI GUES: Less than six nonths.

CHAI RVAN HALL: Less than six nmonths? Ckay.
W will get the exact tine on it, but Boeing represents
that it was -- the aircraft was |less than six nonths
old when the accident occurred.

MR LI DDELL: I have no further questions,
M. Chairman.

CHAI RMAN HALL: Thank you. Trans Wrld
Airlines, Inc.? Captain?

CAPTAI N YOUNG Thank you, M. Chairman. |
have a question for M. Swaim The Alert Service
Bulletin that the Chairman was referring to | think in

the center tank refers to the jettison override punps,
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is that correct?

MR SWAI M It was a question for sonebody

else and | didn't pull it out, so | don't have it.
CAPTAI N YOUNG But, | think it does --
CHAI RVAN HALL: Yeah, | think it was, yeah.

CAPTAI N YOUNG It refers to the jettison
override punps and we did recover both of those punps,
| believe, is that correct?

MR SWAI M Yes, we did. One did not have
t he connector, though.

CAPTAI N YOUNG Ckay, but the punps
t hensel ves, did you find any deficiencies when you
i nspected the punps?

MR SWAI M Thanks to help here, yes, it is
that Service Bulletin, and we saw no evidence of that
sort inside the punp, inside the notor housing when we
took it apart.

CAPTAIN YOUNG So, there were -- you found
no deficiencies, basically, with the punmp then, |
assune?

MR SWAI M You are asking nme a very broad
anal ytical question, or for a broad anal ytical

response.

CHAI RVAN HALL: Well, there is nothing in the

report right now that indicates we know anything is
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wong wth the punp?
MR SWAIM At this point, that is correct.
CHAI RVAN HALL: Well, then, you know, if | am

going to bring it up and discuss it, Captain, | am glad
you poi nted that out. | shoul d have done that nyself,
t hank you.

CAPTAIN YOUNG  Yes, sir, and just you
menti oned on the record for the volunetric shut—-off

procedure on page 21 of M. Swains systens report, it

di scusses --

MR SWAI M It is Debbie Eckrote’s.

CAPTAI N YOUNG Ch, | amsorry, it is Debbie
Eckrote’s report. | apol ogi ze, sir. It is on page 21

It has the mai ntenance nmanual reference for the fueling
with the problemwith the volunetric shut—off, so it is
in the record. Thank you very much.

CHAI RVAN HALL: Well, thank you. This was a
volurme of material to go through, so is there anything
el se that you want to clarify on this, because | want
to be sure -- | think M. GCaycraft has done an
excellent job, but I -- is there anything else that you
have got, Captain?

CAPTAIN YOUNG No, sir. | just wanted to
make sure it was in the record.

CHAI RVAN HALL: Ckay, thank you. The Federa

CAPI TAL HI LL REPORTING, | NC.
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1092
Avi ation Adm nistration? M. Streeter?

MR, STREETER Yes, M. Chairnan. First of
all, for M. Crow During your earlier testinmony you
used — you used the term “probable cause,” and the
Chairman rem nded ne during the break that the term
“probabl e cause” has a very, very definite |egal
nmeaning to the nenbers of the Board, and it is
sonet hing that doesn’t occur until out at the end of
t he investigation.

Wul d you expect the FAA to respond quickly
to any confirmed NTSB finding that affects safety
regardl ess of the status of the probable cause?

W TNESS CRON  Well, the single word answer
to that is yes. | think the FAA Flight Standards Air
Certification Service would all respond imediately to
any recomendation that was appropriate and gernmane to
solving the problem and increasing safety in air
transportation.

MR STREETER. Al right, thank you sir, and
| would ask the Chairman if that --

CHAI RVAN HALL: That clarifies it for ne.
Thank you, sir.

MR, STREETER Al right. Thank you very
much, sir. M. Taylor, M. Loeb asked a question

earlier about whether or not any Air Force — he didn't
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ask the question of you, but he asked whether any Air
Force airplanes had polyex wiring, and | was wondering
if you could answer that question?

W TNESS TAYLOR: Not to my know edge. The
United States Navy used pol yex.

MR. STREETER M. Vannoy, speaking of —

CHAI RVAN HALL: | am just confused. So | can
understand this, doesn’'t the Air Force operate Boeing
mlitary equivalents of the 737 — sonme of these
equi valents, and are you saying there is different
wiring in the mlitary version and the commerci al
ver si on?

W TNESS TAYLOR The 747's that the — first
of all, the polyex wire was used only on the 747
ai rpl ane. Some of it was installed as nission
equi prent on AWACS airplanes, not as the aircraft w de,
but it was only used in the general fleet on the 747
ai rpl ane.

CHAI RVAN HALL: Are there any mlitary Ar
Force 747's that are classics that use a different type

of wring?

W TNESS TAYLOR: | can’t answer that
questi on. | don’t know what has happened to --

CHAI RVAN HALL: Yeah, well, if you could just
find that out for the record. | just, you know.
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W TNESS VANNOY: M. Chairnan?

CHAI RMAN HALL:  Yes?

W TNESS VANNOY: Bob Vannoy here. The 747's
used in the mlitary, the -- like the E-4 airplanes,
the earliest line nunber they have is around 200, so we
stopped using the polyex wire sonetine before that.

CHAI RVAN HALL:  Ckay.

W TNESS VANNOY: SO | think that is your

answer .

CHAI RVAN HALL: Good, thank you

MR. STREETER M. Vannoy, on the SSID S on
the 747°s and other Boeing airplanes, | want to

clarify. Are these static docunents or are they
updated as new information beconmes avail able out of
your inspections?

W TNESS VANNOY: That is a true SSID item
and actually it comes out of the docunment and is no
| onger a part of the program and has its own Service
Bulletin and Airworthiness Directive and applies then
to all airplanes.

W al so update those docunents approxinately
every couple of years, or depending on, you know, how
much has changed or whatever. Wth new techniques, new
alternatives for the operators that they request, and

sonmeti nes new pieces of structure are added, and al so
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the sanmple fleet has changed, you know, and as
airplanes go out of service or no |onger becone
avail able for the inspections, we have to keep adding
in nore airplanes to keep the sanple at a reasonabl e
size, so there is a continual revision.

Right, every tine we have a revision there
will be also a new Airworthiness Directive that
mandat es that revision.

MR, STREETER: Thank you, sir. M. Slenski,
you showed one picture of a mechanical failure where
the insulation was worn off of the wring. Do you know
if that was found during normal inspection procedures?

W TNESS SLENSKI : On that particul ar case,
actually I was present when we were doing some just
general inspection on aircraft wire and we canme across
it in visual inspection.

MR. STREETER Ckay, and then | believe you
al so nentioned that the majority of that type of damage
occurs - what was it? — within six inches of the
connectors?

W TNESS SLENSKI : Typically, and | think M.
Crow made references, too. It is wthin about twelve
to six inches of your connector because that is
typically where the connectors are noved nost often

when you are noving avionics. It is handl ed.
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MR. STREETER. Al right, thank you, sir.

M. Craycraft, regarding that statenment about nost of
t hat damage being seen very close to the connectors,
woul d you nornmally expect that a TWA nmechani c, when he
was installing or renoving a piece of equipnent, that
he woul d inspect the wiring around and near the
connectors?

W TNESS CRAYCRAFT: Yes, sir, | would expect
himto do that.

MR. STREETER. Al right, and M. Crow, based
on your A&P background and working other certificates
and your mlitary background, would you expect an A&P
or a mlitary nechanic to exam ne those areas?

W TNESS CROW I woul d expect an A&P nechanic
to ook at those very significantly, because the nore
opportunity you have for renoval of those connectors
and to bend and to twist and nove wire, perform
mai nt enance, the likelihood of damage increases.

so, in every case ny expectation would be
that there would be a very good visual exam nation of
that wring.

MR. STREETER. Al right, thank you, sir.

M. Craycraft, if | could refer you to Exhibit n(a),
if you have it there; that is, the M ntenance G oup

Factual Report, and in that exhibit on page 30.
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(Pause.)
The top of the -- about one paragraph down
there it has the paragraph -- at least on mne --

| abel | ed paragraph 6 here and is the A rcraft
Mai nt enance Log dated July 7th.

W TNESS CRAYCRAFT: Yes.

MR. STREETER Ckay. Now, that goes to the
oil quantity, | believe, the oil quantity gage?

W TNESS CRAYCRAFT: Yes, sir.

MR STREETER  And that is the MEL item that
you di scussed earlier, and you nentioned that one of
the requirenents of the MEL was to insure that the oi
tank was serviced conpletely prior to departure.

I amnot famliar with TWAN's MEL, but also in
the second paragraph in that section it states that in
addition that there can be no evidence of above nornal
oi | consunption or |eakage, that the oil pressure
i ndi cati ng system nust be functional, that the |ow oi
pressure warning system nust be functional and that the
oil tenperature indicating system nust be operating
normal | y and be nonitored.

Assuming that that is all correct out of
TWA's MEL, is this — is this just a sign of even
addi tional redundancy, and | know — are all of these

items required in addition to topping off the oil tank?
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W TNESS CRAYCRAFT: Yes, sir.

MR STREETER Al right, thank you very
much. That is all | have, M. Chairnan.

CHAI RMAN HALL: Boei ng Conmerci al Airplane
G oup?

MR.  RODRI GUES: Boei ng has no questions, M.
Chai r man.

CHAI RVAN HALL: The Air Line Pilots
Associ ati on?

CAPTAI N REKART: The Air Line Pilots
Associ ati on has no questions, sir.

CHAI RMAN HALL: Honeywel |, Inc.?

MR, THOVAS: Honeywel | has no questions, M.
Chai r man.

CHAI RVMAN HALL: Thank you. Do any of the
parties have additional questions for these w tnesses?

(No response. )

Does the Technical Panel have any additi onal
guestions for these w tnesses?

(No response. )

If not, M. Sweedler?

MR, SVEEDLER: I have no further questions,
M. Chairman.

CHAI RVAN HALL: Dr. ElIlingstad?

DR ELLI NGSTAD: M. Vannoy, you had
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introduced us to the notion of danage tol erance in
relation to structures and tal ked about the concept of
crack growmh in structures in relation to that.

Is that same concept relevant to the systens
area, and is there an analogue in electronic systens to
crack growth?

W TNESS VANNOY: Well, 1 don't think there is
a relative simlar process in the systens area. |
think in the systens area we do the very el aborate
checks, fault assessnents and what we call FMEA
eval uations for each system to assure that things |ike
single failures will not be nore than — or, disable
one particular item

so, there is an extensive analysis done on
systens, but it doesn’t really have a simlarity to
crack grow h.

DR ELLI NGSTAD: But, no solutions that can
be achi eved through some kind of inspection?

W TNESS VANNOY: I think in the systens area
the various attributes we have discussed here, the way
the systens are designed, the way they indicate their
faults and the constant nmaintenance puts them in kind
of a separate category, and | think the main area that
we have to focus on is where we have the latent faults

in systems, and by definition we can’'t tolerate those
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and when we find themwe fix them

so, | think the area that we are getting into
now is we are going out and looking for latent faults
that we heretofore have not thought about. [ think
that is really the next step, or that is the approach
t hat possibly has to be taken.

DR ELLINGSTAD: M. Slenski, do you have a
comrent on that area?

W TNESS SLENSKI: Well, the question, if
| understand it, can we apply sone of these principles
using fault tolerant system design philosophy and — |
think, as | nmentioned in ny presentation, many of our
concerns are the electronechanical type systems, and
you can apply sone of these principles.

As an exanple, the solder joint. You can
predict crack growh in a solder joint. You can
predict oxide growh on contacts, on surfaces. So,
there are nmechani sns we have.

It is very conplex because you have the
el ectrical and structural aspects, and | don’t think we
have arrived at the point where we can devel op these
predictive nodels yet, although there is research in
those areas. So, it is possible if you consider all
t hese conplex interactions.

DR ELLI NGSTAD: Ckay, Dr. Dunn, are there
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activities that the FAA is doing to further this kind
of research that M. Slenski is talking about?

W TNESS DUNN: I am not specifically
famliar wth research that he has nentioned.

W TNESS SLENSKI : Vell, if | can add, many of
our major contractors are working in these areas.
Qoviously, | think it is nore in the research arena at
this tinme. I think there is many organizations
supporting that research; the Air Force, all the
mlitary.

| am sure other -- the air framng
manuf acturers are working these areas, too, because we
are trying to apply these principles to arrive, and |
think M. Johnson nentioned a program yesterday called
the Avionics Integrity Program which was an attenpt to
do what we are doing in the structures world in the
electronics world. So, there are these initiatives.

CHAl RVAN HALL: Wwell, | do have a general
concern, and I amnot being, | hope — | just — of how
the information is transferred, and | have the
opportunity to nmeet with Adm nistrator Garvey next
week, and | am going to ask her to look into being sure
that safety information that we get in the mlitary and
in coomercial that there is sone bridges here of

transfer.
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Now, you said you have been to the -- you
work very closely with the folks at Atlantic Cty and
you have been there. | just don’t know whether there
is any type — maybe there is no need for a form
process there, but a Boeing aircraft equivalent 747 --
and | understand that the type of operation is
different, but there may be sone things, you know, that
are |learned that can be useful.

W TNESS SLENSKI:  Well, M. Chairman, |
think, as | had nentioned previously, many of us sit on
conmttees together now as the mlitary is adopting
nore of the commercial standards. W sit in committees
t oget her.

I know in the wiring installation and
materials commttees, Boeing has represented all the
mlitary services. The FAA even participates in those
neetings and — so, we do have these technica
conf erences. It is not just nyself obviously. Many
Air Force, all mlitary personnel in the various
disciplines participate in these various industry
associ ations and trade groups where we have that
exchange of information.

so, it seens to be working fairly well, and
it is probably inproving because we are obviously

buyi ng nore conmercial hardware off the shelf.
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CHAI RMAN HALL: Dr. Dunn, you had a conmment?

W TNESS DUNN: Yes, | would like to add a
little bit to what he said. | think the system could
be i nproved. I wll say this. Per haps some of the

things that we are doing in trying to address the Wite
House Conm ssion on Safety and Security is to work nore
closely with DOD and NASA in order to nmake sure there
Is -- the research that they have done, this sort of
technol ogy they have devel oped, as far as it relates to
wiring and also their experience base, that those itens
are factored into our response that we expect to have
in June.

In addition, | would like to add that just

this year we started the first joint DOD, NASA and FAA

aging -- Aging Aircraft Conferences, and these are an
ongoi ng event. There will be another one next year
In fact, there is — | got a request at ny

desk to provide a paper for that conference next year.
so, there is - there is that going on, as well as
M. —— as Ceorge nmentioned, there is also the aspect of
the commttees that we all are participants on.

CHAl RVAN HALL: Thank you, Dr. Dunn. W I
you continue, please, Dr. ElIlingstad?

DR ELLI NGSTAD: I have no further questions,

M. Chairnman
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CHAl RVAN HALL: Ckay. Dr. Loeb?

DR LCEB: I just have a couple of quick
guestions for M. Craycraft to try and take advantage
of your forty—-one years of experience.

Were you here yesterday, sir?

W TNESS CRAYCRAFT: Yes, sir.

DR. LOEB: You know, in the nmaintenance
report, Exhibit n(a), is a nunber of wite-ups on the
reading lights and continuing lighting problens, and
then we had the discussion of the problemwth the fuel
punp volunetric -- help ne with this -- overflow shut-
of f val ve.

Then the problem the situation with the

crazy — 1 call it a fuel indicator. | think that was
the word of the crew — or, fuel flow indicator. Your
forty-one years of experience is -- what would you do

as an lInvestigator to look into that nmatter to be sure
that had nothing to do with this tragedy?

W TNESS CRAYCRAFT: Well, first, sir, analyze
what each of the items is that it is talking about. |
will pick on reading lights for just a nonent. They
are — well, one of the reports |I noticed in here was
just the fact that there was an awful 1ot of reading
light lanps that were burned out. So, obviously that

woul d have no affect on the thing.
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Now, there was sone coments on over head
lights, and | believe the remark on the overhead
lights, they were on the left hand side of the
aircraft. So, there, again, | could discount them as
bei ng invol ved because the one particular wire that was
referred to in the report, and | don't — it gave a
specific w re nunber.

I think that is a very short wire, and it
only could have been routed in a very short distance to
where it could be in proximty to the fuel flow
indicator wire, as well as the valve shut-off wring.

In ternms of fuel flow, we have two
indicators, one on the flight engineer’s panel and one
on the Captain’s panel. There is no -- | have not read
the CVR transcript, so | don't know whether they are
maki ng reference to both indicators, or not.

But, the same signal is driving both
indicators, so if only the one on the front panel is
acting up, then obviously it is not a signal that is
comng fromthe E&E conpartnent. It is somewhere
between the FE' s panel and the forward panel. So,
there is a lot of analysis opportunity available in
| ooking at those circuits.

CHAI RVAN HALL: Well, the thing that struck

me on the lighting, and | have been on a 747 a nunber
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of tinmes and | know there is lots of those lights, is
just this frequency of over a hundred wite-ups. Is
t hat sonething that you woul d consider unusual, or is
that fairly normal? | know there is a |arge nunber of
lights on the plane.

W TNESS CRAYCRAFT: Well, | think our
aircraft configuration is something |like 34 and 404
passengers, so there is obviously a reading light for
every seat. So, you have quite a nunber of
opportunities there for reading light lanps to be
i noperative .

But, likewise, the multiplex system on the
747 can play tricks on you sometimes of turning lights
on when you don’t want them and that sort of thing, and
that is strictly associated with difficulties within
the multiplex system

CHAI RMAN HALL: Anyplace el se we ought to be
| ooki ng, sir?

W TNESS CRAYCRAFT: | have been working very
diligently with M. Swaim and hel ping himin every
opportunity | can to |ook at these itens.

CHAI RMAN HALL: Well, we appreciate your
cooper ati on. Just one last little item Are you
famliar with the plane that we called, | guess, the

derelict airplane in 931057
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W TNESS CRAYCRAFT: | amfamliar with that
ai rpl ane, yes.

CHAI RMAN HALL: Do you know why it was
removed from service?

W TNESS CRAYCRAFT: | believe it was an
econom cal decision that it was requiring sone of these
maj or structural nodifications and it wasn't wthin our
operational plan, it wasn't economcally feasible to go
ahead and acconplish all those man hours of work on
that aircraft.

CHAI RVMAN HALL: Ckay. Any other questions
fromthe Board or the Technical Panel before I go to
t he Panel ?

MR SWAI M W have had a question about
pol yex airplane used in -- | amsorry -- polyex wre
used in Naval aircraft in the systens Exhibit 9(c),
pages 54 to 58.

There are three letters from the Departnent
of the Navy, two of themto the Honorable Janes C.

G eenwood, House of Representatives, one to the

Nati onal Electronic Mnufacturers’ Association spanning
1982 to just three and a half nonths ago, 1980 -- 1997,
and they do show that sone Naval aircraft, especially
F-14’s have polyex wring.

There were sone difficulties which are
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described in the letters, and for the nost part they
were re-wired. So, | hope that answers that question,

or at least where to go find the answer for that

questi on.

CHAI RMAN HALL: Ckay, anything el se?

(No response. )

If not — no?

MALE VO CE: No, sir.

CHAI RVAN HALL: No? Very well. Well, |
would like to do with this panel what | have done with
the others, and | don’'t know whether we wll see any of
you all tonorrow, or later. M. Thomas wll still be
appeari ng.

But, | would like to just go down the table,
and if there is anything that — M. Vannoy, anything

el se that you think should be contributed, or else the
Board should be doing in this investigation, or
anything that needs to be clarified, I would like to
give you the opportunity to do that, sir.

W TNESS VANNOY: Thank you, M. Chairman. |
would first like to thank across the room here the
menbers of the NTSB Technical Panel for their
participation today and for all their conduct |eading
up to this hearing over the last couple of weeks. |

appreci ate that.
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I haven’t had quite as nuch experience as
sonme of the nmenbers here on the panel, but | have been
in the business for quite a while, and during that tine
I have had opportunity to participate in many
identification through the resolution of the problens.

In that activity ny confidence has been
continually reinforced, not only at Boeing but by the
i ndustry in our conmtnent to safety. As we have
di scussed today, the older 747's require nore
mai nt enance

W know that they are a little less reliable
from the dispatch standpoint, but we contend that these
airplanes are not |ess safe, and you have our
conmtment to continued airworthiness activities in
every respect on these airplanes. Thank you.

CHAI RMAN HALL: Thank you, M. Vannoy. M.
Thomas?

W TNESS THOMAS: A snall coment in your
| ooking for sharing of information. Al though we have
been prine in trying to understand -- fromthe aircraft
manuf acturing side of the house we have been prinme in
trying to help understand this airplane.

W have reached out to the other airplane
manuf acturers across the world and asked them to help

us. Even at this time |last year when we realized
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identifying the cause was going to be a long effort we
started dialogue with Air Bus.

Even though we are on the conpetitive side of
the world where we are forever arguing, as far as
safety is concerned we have nmet with Air Bus, we have
nmet with McDonnell, we have net with Lockheed, and we
spent a lot of time going through an awful 1ot of
detail on how we design our airplanes and sharing that
i nformation.

I think it is appropriate to recognize that
the industry has really cone together to try and
under stand this one.

CHAI RVAN HALL: Well, thank you very nuch,

M. Thomas. M. Taylor, | must tell you I aminpressed
to neet anyone with thirty-seven years of experience as
a wre expert, and | appreciate your contributions here
today in hel ping make this understandable for the
Chairman and for those who are observing.

MR, TAYLOR Thank you. One of the things
that | have noticed about working at Boeing and with
other aircraft manufacturers is a continued conmtnent
to safety and their integrity in that regard.

| can assure you that when this hearing is
over our commtnent to safety will continue as actively

and as continuously as it has in the past. \Wen |
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| eave here -- tonorrow, | hope -- when | |eave here |
will go back and I wll continue to do the best | can
with my co—workers to make sure that the wire that we
have is the best wire, that the condition of the wre
on the airplanes that we service we know about, and
when we see sonething that needs action we wll take
appropriate action, and we will work with other people
within the industry to make sure they know what we know
and that we know what they know.

CHAI RVAN HALL: Thank you very nuch, M.

Tayl or. M Craycraft, you have done an excellent job
of representing Trans Wrld Airlines, Inc. Your
conent s, pl ease?

W TNESS TAYLOR: I would just like to add for
the record | don’t know as it had ever been drawn out
before, but we have Boeing field service
representatives on site at TWA that provides a free
flow of information between TWA and Boei ng and ot her
air carriers, other manufacturers also, so that it
isnt a difficult situation for us to relay any
difficulty we have with the aircraft.

Certainly | want to express an opinion that
it is our number one objective in the Mintenance
Departnent to supply a safe, reliable aircraft for our

flight crews to carry the passengers.
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CHAI RVAN HALL: Well, thank you very nuch,

M. Craycraft. M. Slenski?

W TNESS SLENSKI: M. Chairman, | wll take
an opportunity here to answer one of the questions from
yest er day. W had an issue about bonding inside of
fuel tanks. W do have active prograns, depending on
the type of aircraft, to phase inspection on the actual
bondi ng connecti ons. It just depends on the type of
aircraft.

CHAI RVAN HALL: SO the three inches we were
tal ki ng about --

W TNESS SLENSKI : My understanding is we have
gone nore to a performance requirement on that where we
are now actually specifying an energy |level and a
vol t age | evel.

CHAI RVAN HALL: Well, vyou mght share that
information with the FAA, if they don't all ready have
it.

W TNESS SLENSKI : | think as far as the fuels
question, | think in the next panel there mght be an
opportunity to answer that question, | think, as far
as - the question was, why did we change from JP-4 to
JP-8 . | think that will be answered there.

The other issue | just wanted to point out,

too, that | have shown sone failures. | don't want to
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give the inpression that we have a wiring problemin
the Air Force.

Many of those photos | had shown were over a
fifteen year period, and we are aggressive in trying to
understand why we had a failure, and fix the problens,
and | don't really see that we have a major problem
with wiring. It is an issue and it is a concern, and I
think, as we have nentioned here, aging electronics is
a concern that we need to |ook at nore carefully as

avi oni cs becones nore conpl ex.

CHAl RVAN HALL: well, let nme state again for
the record that on each -- the 747 has an excell ent
safety record. I think this was the first accident for

Trans World Airlines in a long period of tine, and the
comm tnent that we and the cooperation we have received
in this investigation, generally speaking, fromall the
parties has been outstanding and | -- the Chairman
certainly has no question over the commtnent of the

i ndividuals of the organizations involved in this

i nvesti gation.

Because so nmuch attention and publicity has
been given to this investigation, | want the Anerican
people to know all of the things that are being done.

I hope that it in no way reflects -- as we go through

all of the possibilities, all the things that we found
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in the investigation, it is inportant for ne to point
out that we do not have an ignition source in the
center tank that we have been able to identify as a
probably cause of this accident.

That work will continue, but this is part of
the investigation process, and | appreciate your
comments very nuch because | want to be sure the record
is clear on each and every opportunity in that regard.

M. Crow?

W TNESS CROWN  Yes, sir. Thank you, M.

Chai r man. | think in closing | would like just to
reiterate that the FAA Flight Standards Service
continues to provide professional |eadership and
surveillance of the air carriers that are currently
certificated in operating not only in the US., but
wor | dwi de

W continue to pledge to the Anmerican public
that we will continue to try to do the right thing and
to serve the public trust at every opportunity, which
i ncludes those revisions and those things that need to

be done to insure the highest degree of safety. Thank

you .
CHAI RVAN HALL: Thank you. Dr. Dunn?
W TNESS DUNN: Yes, as Bill said, | would
like to reiterate the fact that we are -- while we have
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a systemin place that we think adequately addresses
continuing airworthiness and agi ng systens, we are
al ways | ooking to inprove that process.

W don’t have all the answers, and | think a
ot of the issues that were addressed here at this
Systens Panel are inportant for our continuing review
of our processes, and of course we will be using the
informati on we have gained here in our investigations
over the next year. Thank you.

CHAI RVMAN HALL: Thank you, Dr. Dunn.

As you may know, the Chairman was honored to
have been appointed and serve on the Wiite House
Commi ssion on Aviation Security and Safety, and | was
in that neeting during a nunber of discussions where
General Lowe, who is a menber of that conm ssion, a
di stinguished Air Force General and | believe Ar
Conbat Commander, was one who was very strong in
raising the issue of us |ooking at aging systens. Thi s
was because of his personal experience in going out and
| ooking at a lot of the Air Force fleet.

I don’t know, obviously, but I amglad to see
the FAA is |ooking at that. W will look forward to
your report in June in that regard, and | understand
you have got that work in progress and that will be

comng to us.
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Very well. Do we want to start the next
panel today? What is the preference, M. D ckinson?

Do the parties have any preference? Do we want to try
and get into the Ignition Sources today and take about
an hour or two and then finish it up in the norning?

(No response. )

Vell, let’s do this then. Let’s just say
that what we are going to do is we are going to start
the Ignition Sources Panel -- now, Ignition what? | am
sorry, the Flammability Reduction Panel at 4:00, and
then we will go for two hours, and we will recess at
6:00 p.m and reconvene in the norning at 9:00 to
conplete the work in that panel.

| hope that since this is such an inportant
panel that none of our distinguished pane
participants, or staff, or others feel conpressed by
the fact that we have been sitting here for four days
under these attractive lights that you are going to not
get all the information that we need to get out on the
record.

| thank everybody, again, with this panel
and we stand in recess until 4:00 p.m Of the record

(Whereupon, a brief recess was taken.)

CHAI RVAN HALL: On the record. I woul d ask

the observers in the hall to please take their seats.
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W are going to reconvene this National Transportation

Saf ety Board public hearing that is being held in
conjunction with — in connection with the
investigation of the aircraft accident TWA Flight 800
that occurred on July 17th, 1996.

M. Dickinson, would you please introduce the
next panel, which | believe is the panel on
Fl ammabi lity Renediation?

MR. HAUETER M. Chairman, before the panel
starts, | would like to correct the record on the
Phil i ppines Airlines.

CHAI RVAN HALL: Ch, very well. W have
i nformation. Go ahead.

MR HAUETER: Yes, the airplane was
approxi mately seven nonths old at the time of the
expl osi on. It had accunul ated 1,358 hours and 1,778
cycles, or take-offs and landings. So, | wanted to
correct the record.

CHAI RVAN HALL: It was how old? | amsorry.

MR HAUETER  Approxi mately seven nonths.

CHAI RVAN HALL: Seven nont hs ol d. Very well.

MR. HAUETER Thank you, sir.

CHAI RVAN HALL: That is good to have that on
the record.

W TNESS DUNN: Wul d the Renedi ati on Pane
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pl ease stand, please? Actually, it is the Flanmability
Reducti on Panel . Pl ease rai se your right hand.

(Wtnesses conply. )
Wher eupon,

MR TOM McSVEENEY, MR HARDY TYSON, DR ROBERT BALL,
MR RALPH LAUZZE, MR |VOR THOVAS, CAPTAIN STEVE GREEN
were called as witnesses by and on behalf of the NTSB,
and, after having been first duly sworn, were exam ned
and testified on their oath as follows.

MR DI CKI NSON: Thank you. Pl ease be seat ed.
Thi s Reduction Panel consists of M. Tom MSweeney,
Hardy Tyson, Dr. Robert Ball, Ralph Lauzze, |vor Thomas
and Captain Steve G een. They will be questioned --
initially presented with a presentation by M. George
Ander son and questioned by Bob Swaim and Dr. Dan Bower.

M. GCeorge Anderson is an NTSB Aerospace
Engi neer with Aircraft Accident Investigations, and he
had two years with the Safety Board. Hs prior
experience in private industry and the Air Force is in
mechani cal test engineering, aircraft design and
overhaul, aircraft performance, human factors, a
devel oprment engi neer for the GAU-830 MM Canon Fli ght
Test Transport, an instructor pilot and a flight
exam ner.

He has a B.S. in Physics and El ectri cal
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Engi neering fromthe U S. Ar Force Acadeny, an MS. in
Aer omechani cal Engineering fromthe Air Force Institute
of Technol ogy, Engi neering Managenent at Naval Post
Graduate School and a U S. Air Force Aircraft Accident
I nvestigation School at Southern -- the University of
Sout hern Cal i f orni a.

M. Tom McSweeney, please raise your hand,
pl ease.

(Wtness conplies. )

He is the Director of Aircraft Certification
Service for the FAA He has been with the FAA for
twenty-three years, previously served as the Deputy
Director of Aircraft Certification Service and has held
managerial positions at the FAA in several areas,
including the Ofice of Airworthiness and the Ofice of
Avi ati on Standards.

He has a Bachelor’s degree in Aeronautica
Engi neering from Northrup U, and a Master’s degree in
Aeronautical Engineering from California Institute of
Technol ogy.

M. Hardy Tyson, please identify yourself.

(Wtness conplies. )

Thank you. A Mechani cal Engineer, Naval Air
Warfare Center in China Lake, California. He has been

at China Lake for fourteen years, and his area of
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expertise is in the Aircraft Conbat Survivability
focused in the area of fuel system protection for the
Navy and Marine Corp. front line fighter and attack
aircraft.

This entails ballistic testing of aircraft
and their conponents with threats likely to be
encountered in conbat for the purpose of determ ning
their design vulnerabilities and identifying protection
requirenents

He is actively involved in research and
devel opment for vulnerability reduction concepts, and
currently the Navy’'s lead live fire test engineer for
the F-18 program He has a Bachelor’s in Mechanica
Engi neeri ng.

Dr. Robert Ball?

(Wtness raises his hand.)

Thank you. Di stingui shed Professor,
Departnent of Aeronautics and Aeronautics, the Nava
Post G aduate School in Mnterey, California.
Aeronautics and Astronom c.

He is thirty years at the Naval Post G aduate
School, and in 1976 he began devel oprment of an
educational program in Aircraft Conbat Survivability.
He has conducted courses for NATO and the governnents

of Canada and G eece.
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In 1989 he established an Al AA Techni cal
Committee on Survivability. He has a Bachelor’s in
Cvil Engineering, a Master’s degree in Gvil
Engi neering and a Doctorate in Structural Mechanics.

Dr. Ral ph Lauzze, please -- | am sorry about
pronounci ng your nane there, but he is the Director of
Live Fire Test and Evaluation at the Air Force Research
Laboratory.

CHAI RVAN HALL: How is that pronounced, sir?

W TNESS LAUZZE: It is not doctor, but it is
Lauzze.

MR DI CKI NSON: | am sorry.

W TNESS LAUZZE: That’s all right.

CHAI RMAN HALL: That’ s okay, we have had
enough doctors here.

W TNESS LAUZZE: One out of three isn’t bad.

(Laughter. )

MR, DI CKI NSON: He directs testing and
evaluation for the Air Force Aircraft and Devel opnent
including the G-17, B-1, F-22 and C-130. Joi nt Test
Director of the OSD sponsored Live Fire -- Joint Live
Fire Program He oversees the vulnerability live fire
eval uations of current front line fielded aircraft.

He is the current Chairman and Air Force

principal nenber to the Tri-Service Joint Technical

CAPI TAL H LL REPORTING | NC.
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1122
Coordinating Goup on Aircraft Survivability. He has a
B.S. and an MS. in Mechanical Engineering.

M. lvor Thomas; he is on our fourth pane
today and this week, so | won't go over his
qualifications . They are on our NTSB web site.

Captain Steve G een, who is an active menber
of the TWA investigation representing ALPA He is a
pilot flying for TWA, he has been with TWA for nine
years and he is currently flying the 767. He is
currently the team | eader for ALPA's In Flight Icing
Certification Project. He also has a B.S. in Aviation.

M. George Anderson, | wll --

CHAI RVAN HALL: Before M. Anderson begins |
would like to nmake note that anong this panel are
nmenbers of the Department of Defense who have
contributed tinely and highly professional support in
many areas of this investigation.

Today we have asked the Departnent of Defense
to assist us by providing expert wtnesses for this
panel . These witnesses were selected to present an
overvi ew of sone of the methodol ogy used by the
mlitary services to design airplanes that can survive
in hostile environnents. Over the years these designs
have saved the lives of mlitary men and wonen in both

conbat and peace time incidents.
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I think we will come to understand that the
concept of hostile environment includes not only
intentional acts of violence using weaponry, but also
the extrene operating conditions that are inposed on
airlines by the nmyriad forces of nature.

In spite of the advance technol ogy and
si zeabl e resources that we enjoy in our country, we
have yet to design an airplane that can survive all of
nature’s extrenes. In the case of fuel tank hazards,
we strive for progress and inprovenent while
recogni zing that no systemcan elimnate all risk.

so, we are going to be |ooking now — turning
to, you know, what can be done, and | amreally | ooking
forward to hearing fromthis panel. So, please
pr oceed.

M. Anderson, it should be noted that you
have a long and distinguished career with the Ar
Force, and have been with the Safety Board in two
years. So, | hope there is no conflict of interest in
your questioning these folks from the Air Force. Is
that all right? You will be sure to give thema hard
tine, won't you?

MR ANDERSON: | amsure we will be able to
do that. Thank you, sir.

Chai rman Hall and Menbers of the Board of
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Inquiry, the subject of this panel is Fuel Tank
Fl ammabi | ity Reducti on. These witnesses will give us
an overview of what measures are currently being taken
and what neasures could be taken to reduce fuel tank
flammability.

Qur investigation has exam ned a nunber of
possi bl e nethods for reducing or elimnating fuel tank
flanmmability, including inerting, fuel tank heating and
cooling, ullage dilution and aircraft design changes.
W have also reviewed sone technologies currently used
by the mlitary.

W will discuss with these panel nenbers the
benefits and other possible ramfications of
i mpl ementing various nethods for either reducing or
elimnating fuel flammbility in civilian, conmercial
aircraft. W will also discuss any efforts that are
currently underway to achieve this goal

Good afternoon, Dr. Ball.

W TNESS BALL: Good afternoon, M. Anderson.

MR,  ANDERSON: W are starting off with you,
and I would like you to describe for us, if you would,
the aircraft conbat survivability discipline that you
so ably teach at the Naval Post G aduate School

W TNESS BALL: M. Anderson, | would like to

thank you for the opportunity to do this. W are a new
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di sci pli ne. Let me start off by exam ning how an
aircraft can survive in conbat.

There are basically two ways. One, if the
aircraft can avoid being detected, tracked, engaged and
eventually hit by a weapon it will survive. If that is
not possible, if an aircraft does get hit, it wll
survive if it withstands the hit. So, we survive by
not getting hit, or if we get hit we wthstand that
hit.

May | have the first slide, please?

(Slide shown.)

The inability of the aircraft to with -- to
avoid being hit, or the likelihood it is hit, we call
aircraft susceptibility. The nore susceptible an
aircraft is, the nore likely it is going to be hit in
combat . The inability of the aircraft to wthstand
that hit, or the nore likely it is killed given that it
is hit, we call aircraft vulnerability.

Aircraft susceptibility and vulnerability are

bad attributes of aircraft. W like to design them out
of the aircraft. W try to reduce them as nmuch as
possi bl e.

If we look at the survivability equation that
| have listed at the bottom of the slide there

(indicating), survivability -- that is, the |ikelihood
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you will survive a mssion or an engagenent with a
weapon - survivability is one mnus the product of
your susceptibility tinmes your vulnerability.

This is a very powerful equation. It can be
used in all parts of life; driving autonobiles,
crossing the street, whatever. You don’t want to get
hit, but if you get hit you don't want to die. If yQu
can reduce that product to susceptibility and
vul nerability, you can increase your survivability.

You asked for what survivability is about.
That is what we are about. W are a new discipline, a
formal discipline in which we have an organi zed
process, part of the systens engineering process, for
exam ning an aircraft design to reduce its
susceptibility and to reduce its vulnerability.

Now, how do we do this? WlIl, if you |ook at
the susceptibility part, we can reduce susceptibility
with stealth. W design aircraft to be difficult to
detect by the eneny radar sensors and the infrared
sensors visually and orally.

We can carry on board el ectronic counter
nmeasures whi ch deceive eneny weapons. W sel ect
effective tactics, |ike attacking at night. W use
| ong range precision guided weapons to increase our

survivability by decreasing our |ikelihood of being
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hit.

Wien we |look at the vulnerability side, we
want to withstand the hit. W don’t want fuel tank
explosions . W are concerned far nore than a .2

mllijewel of energy. W are concerned with high
expl osi ve rounds going off inside our fuel tank. It is
a big problemto us.

W have got to design that aircraft to be
rugged and to take a hit and continue to fly. W do
that by designing in protection for the fuel system
the flight control system the crew systens and all the
ot her systenms on the aircraft that are providing
essential functions that we need to continue to fly.
That is us.

VR.  ANDERSON: Excuse nme. Dr. Ball, has this
di sci pline evolved over time? Could you describe
basically how it started and where it is today,
roughl y?

W TNESS BALL: Yes, as | nentioned earlier,
we are a relatively new design discipline. Aircraft
have been designed to survive in conbat on a -- | would
say a haphazard basis, depending upon the energency.
Vorld War |, World War I, you are all famliar wth
the B-17 aircraft. Ten people on board, eight people

were firing guns.
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That was susceptibility reduction, trying to
destroy the eneny fighters before they could hit the B-
17, although the B-17 was designed to be rugged and
take hits and fly with holes in it. That was
vul nerability reduction.

It has been around, but starting in Southeast
Asia the United States went into that war flying
aircraft that were devel oped after the Second World War
when the jet engine came along and nucl ear warfare was
threatened, and aircraft were not specifically designed
to fight in the environment we found ourselves in in
Sout heast Asia in the 1960’ s.

As a result of having to use aircraft not
designed to survive in that environnment, the United
States lost over 5,000 fixed wing and rotary w ng
aircraft in that roughly ten year period.

As a result of this large nunber of aircraft
killed, the individual services established
survivability organizations within their services,
offices that dealt with susceptibility and
vul nerabi lity.

In 1971 the services together established the
Joint Technical Coordinating Goup for A rcraft
Survivability, nore fondly known as the JTCHE AS

anot her acronym for you. It is a great organization

CAPI TAL HI LL REPORTING, | NC.
(202) 466- 9500



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1129
that has been very effective in establishing
survivability as a design discipline. That was one of
their goals, establish survivability as a design
di sci pline.

Now, as was nentioned, | am an educator.
was educated in structural nechanics. In the 70’ s
was asked to work on a problem called hydrodynam c dram
in fuel tanks. Hydrodynam ¢ dram is a problem in which
a fuel tank can be ripped apart as a bullet or fragnent
propagates through the fuel in the tank. So, fuel
tanks are vulnerable not only to explosions, but they
are vul nerable to hydrodynam c dram

When | | earned about JTCE AS and their goa
to establish survivability as a design discipline, |
t hought to nyself, every discipline has educated
scientists and engineers in that discipline. Peopl e
are taught how to do sonething, how to design a — |
was taught how to design a structure.

so, | felt that the discipline needed an
educational program So, the Joint Technical
Coordi nating G oup sponsored ne to develop an
educational program at the Post G aduate School, and in
1977 we devel oped our first graduate |evel course in
survivability, and | believe it was the first course

t hat was ever devel oped. W also devel oped a one week
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short course. W have had over 3,600 people take one
or both of those courses.

In 1985 the AIVWA published the Survivability
Text Book under sponsorship of JTCE AS and ny
aut hor shi p. Alittle plug here, if you will.

(Next slide shown.)

Thank you. It was left out of ny bio, so |
t hought | better slip this in. By the way, | receive
no royalties for this. It is a-- it is a best seller

“Fundanentals of Aircraft Conbat Survival, the Analysis

of Design, and | mght add it is being translated as
we speak into Chinese.
CHAI RVAN HALL: I f somebody was interested in

getting a copy of that book where could they get it,

Dr. Ball, since you nmentioned it?
W TNESS BALL: Al -- well, actually, M.
Hall, | wll give you a personal copy. But, AIAA |

will signit, too. AAA.

Anot her maj or event was in 1987. Congr ess
felt that the mlitary services were perhaps not
adequately testing for the vulnerability of their
systens, and they wote the Live Fire Test Law.

This test law requires that all covered
weapons systens, platfornms and weapons, be tested to

determne, in the case of the platform their
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vul nerability by firing weapons likely to be
encountered in conbat at fully configured full scale
platforms, such as a full scale aircraft, up and
runni ng and carryi ng ordinance. If that testing turns
out to be unreasonably expensive and inpractical, a
wai ver may be granted with the subm ssion of an
acceptable alternate test program

As a result of all of this increased
intention on survivability, the aircraft that were
devel oped through the 70's and 80’s were far nore
survivable than those that we fought in with in
Sout heast Asi a.

Wien we entered into Desert Storm we only
| ost 38 aircraft out of 100,000 Sortis. That is a |oss
rate significantly less than we had had in Sout heast
Asia, significantly Iess. Qur aircraft were designed
to survive, and conbat data proved that they did.

W are now to the point where basically --
and mlitary aircraft today is not designed wthout a
maj or consideration of its survivability. If yQU | ook
at the Joint Strike Fighter, the nost recent programin
the tactical air world in the Departnent of Defense,
the Joint Strike Fighter, there are four what they call
pillars of which this aircraft is built upon

affordability, lethality, supportability and
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survivability.

so, and since we have cone a |long way — and
I think that it has been beneficial to the United
States that we -- we win wars with these aircraft.

MR,  ANDERSON: Thank you, Dr. Ball. How does
the discipline, the survivability discipline, evaluate
the fuel tank explosion problen? | think it is usefu
at this tine to — because we have the background in
the academ c discipline to focus on that problem and
perhaps go into it to sone depth.

CHAI RVAN HALL: | wanted to nmention here, M.
Anderson, so that — Dr. Ball | am sure is aware that
the Chairman of the Oversight Conmittee for the NTSB
and the Senate is Senator John MCain, who does an
out standing job and was one of the, | guess, 5,000
aircraft that was lost in Vietnam

| have got several letters from people
tal ki ng about the phone system that was in place, |
guess, or used during that period, which | guess we are
going to get into. But, both Senator MCain and
Chairman Jim McDuncan, who is — | grew up with in
Knoxville, Tennessee is the head of our House Aviation
Subcommi t t ee.

Both of them have, | think, expressed an

interest in this area and being sure that we are, you
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know, exchanging all the know edge and information
so, again, | appreciate your presence here, and
conti nue.

W TNESS BALL: Thank you. Ckay, to your
problem the fuel tank vulnerability problem It is
al so our problem \Wen we have a vulnerability
program as we do on every aircraft, there are three
tasks that we have to perform

The first task is we have to find out what it
is on that aircraft that nakes that aircraft
vul nerable, and we call those the critical conponents.
Critical conponents are those conponents whose Kil
either individually or jointly will lead to kill of the
aircraft.

W have tools that we use to determ ne the
critical conponents. They are the sanme ones that you
and | have heard nentioned at this public hearing
earlier, of the failure nodes and effects anal ysis.
There is a failure node; what is the effect on the
continued operation of the aircraft.

There is a fault tree analysis that is used.
What events nust occur in order for a failure to occur
W use those tools to identify these critical
conmponent s.

If we look at our F-16 cut-away here,
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idealized aircraft, | have identified at |east three
critical conponents. This is a gross sinplification.
There are literally thousands of conponents on this
aircraft, of which perhaps many hundreds are
contributing to vulnerability. They are providing
essential functions to continue to fly.

The three that | have identified basically
represent three major systens; the crew system the
fuel system and the propul sion system the engine. Not
only must we identify these critical conponents, we
must identify the ways in which they are killed. That
may not be inmmedi ately obvious.

If we exam ne the engine, we typically think
of an engine as if it loses thrust the engine is
killed, as we woul d speak. It is not providing the
function it was designed to provide. But, that engine
could be hit and it could cone apart, throw ng bl ades,
possibly hit in the fuel tank with fuel |eaking onto a
hot engine catching fire. W call these kill nodes.

If we ook at the fuel system which we are
interested in here, we have a variety of kill nobdes
that we nmust treat in addition to the ullage explosion
probl em

Having identified the critical conponents, we

then attenpt to quantify vulnerability. W attenpt to
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put a nunber to it so we can conpare aircraft, and the
nunber that we use is called the vul nerable area. Each
conponent has a vul nerabl e area. There is a vul nerabl e
area for the pilot and one for the fuel tank and one
for the engine.

But, | have a little equation at the bottom
of the slide on how we cal cul ate vul nerabl e area
(indicating) . The vul nerable area of a conponent is
equal to the presented area of that conponent tines the

probability that conponent is killed given that it is

hit.

Now, a kill here could be a fuel tank
expl osi on. Keep that in mnd, the probability a fuel
tank will explode given that that fuel tank is hit. It

is basically the problem that you have been dealing
w th here.

W can -- for this particular aircraft in the
configuration shown, the aircraft has a total
vul nerabl e area for these three conponents nade up of
the sum of the individual vul nerable areas.

Today, vulnerable area is perhaps one of the
requirements that is established on the design of the
aircraft. The aircraft shall have a vul nerable area no
| arger than, and that is the process we go through.

If that fuel systemis unprotected, | can
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guaranty you that because it is the largest system on
the aircraft and possibly the nost vul nerable system
that it is our major contributor, it has got to be
protected because we wll exceed all vulnerability
requirenents

Next slide, please.

(Next slide shown.)

That brings us now to the fuel system and
within the fuel tank I am showi ng you here — |
apol ogi ze for the busy slide. | took it out of the
text book, and | want to attribute this slide to a
Lavel | e Mahood (sic) who originally developed it nany,
many years ago, and it has been used by many of us in
the discipline, and we are grateful for him for com ng
up. It is a great slide.

You are looking at a fuel tank that is inside
an aircraft skin. I think you can read where the fuel
is. The area above the fuel, of course, we have been
referring to as the ullage, that vapor space.

What | am going to do is | amgoing to follow
the two bullets, or fragnents over on the left, follow
theminto the fuel to see what happens. Com ng from
the left, the lower left, then, we would have an arnour
piercing incendiary round, or a fragnent penetrating

the outer skin of the aircraft creating friction

CAPI TAL H LL REPORTI NG | NC
(202) 466-9500



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1137
sparks. Possibly, if there is an incendiary involved,
the incendiary may function, and we have sparks wth
consi derabl e energy in them

The projectile enters in through the skin
into the fuel tank creating the phenonmena that |
referred to earlier, the hydrodynam ¢ dram phenonena.
| ntense pressure |oads are put onto that tank, and it
can literally rip that tank apart, destroying perhaps
sonme maj or structure capability.

The fuel can come spewing out of that hole
down to the bottom of the aircraft and perhaps cone in
contact with an ignition source. Per haps a hot
surface, perhaps sone other wi res have been cut and we
have sonme arcing going. So, there is a possibility of
a dry bay fire in the belly of the aircraft.

If we nmove up to the upper left now
(indicating), we have followed that shot com ng in.

The ullage is idealized there as being stratified into
three |ayers. Close to the fuel it is too rich, at the
very top it is too lean, and there in the mddle we
have got a just right for burning. This is an

i deal i zati on. In reality, we don’t know the conditions
in the ullage.

If you went out and neasured your

tenperature — if that is all we had to do we would be
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happy. Don't forget, the pilot is probably pulling
about five or six G-s trying to avoid this round that
is comng up at him W don’'t know where the fuel is
in that tank. There is vibration, there is sloshing,
there is mxing. W don't know the tenperature, we
don’t know his flight profile. W don't know the
conditions . W deal with a |arge nunber of unknowns.
That is how we treat the fuel tank problem

MR ANDERSON: Dr. Ball, following on wth
the illustration and keeping the slide on, please,
could you explain in a little nore detail what other
threats to the fuel tank that m ght be represented by
the bullet, such as uncontained engine failures, which
woul d be very —— is sonething that is encountered in
the commercial aviation world, and even specifically in
t he Boei ng 747.

Al so, the issue of -- we have called them
sparks here, but other sources of ignition.

W TNESS BALL: Yes, the -- if an engine cones
apart, obviously if — it depends on where the engine
is. The parts that cone free from the engi ne can pass
t hrough the fuselage and into fuselage tanks, into
wings and into w ng tanks. Possibly, a very intense
bird strike.

The tank that | have shown here is a self-
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cont ai ned t ank. Many of our tanks are what we call wet
wing, or integral tanks in which the tank wall is
basically the sanme as the outer skin of the aircraft,
and any penetration of that skin will penetrate into
t he fuel

so, any physical body, large or snmall, that
has enough energy to penetrate into the skin can either
create the hydraulic dram phenonena if it goes into the
fuel, or if it has heat energy of sonme formit can
actually create an explosion, such as a, you know, a
hot turbine fan bl ade breaking off and going through.

VR, ANDERSON: Just one further note of
clarification here. You nmentioned the sparks emanating
fromthe projectiles entering the tank. Wuld it be
fair to say that that is equivalent to creating a spark
O, you know, electrical origin in terns of that it
could be quantified the same way, perhaps?

W TNESS BALL: | have heard of friction
sparks being related to the type of thing you see,
sonebody using a grinding wheel . But, what we see are
friction sparks of considerably nore power, nore
energy.

These are sparks created by fragnments, naybe
five hundredths of a pound, that hit the aircraft at

5,000 or 6,000 feet per second. This is — there is a
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| ot of energy there.

If you ever see this happen, if you have ever
seen a warhead detonate below an aircraft, the entire
frane will be obscured by the light emtted by these
|iberated fragnments or friction sparks, if you will, as
t hey gl ow.

MR.  ANDERSON: Thank you. Movi ng ahead, Dr.
Ball, are there any other mlitary disciplines involved
in the prevention of fuel tank explosions?

W TNESS BALL: Yes. Yes, there is. There is
anot her one. | amgetting a little out of ny area now,
so | amgoing to be speaking for a discipline I am
really not a part of, but we share sone common
probl emns. It is the systens safety discipline.

If I may have the next slide, please.

(Next slide shown.)

If you think about an aircraft operating in a
nunber of environments, | have identified on this slide
three environnents and, M. Hall, | would like to thank
you for your lead-in because it was the perfect set-up
for what | amgoing to tal k about.

If we are dealing in a man-made hostile
environment, there is an eneny out there who is
attenpting to kill our aircraft, and we typically think

of it as an air defense, but you may think of it as a
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terrorist. In that environnent, you are dealing with
the conbat survivability world.

If you look at the natural hostile
environment which M. Hall nentioned earlier where we
have lightning strikes, crashes, md-air collisions,
severe turbul ence, that kind of thing, where the
aircraft is stressed in many ways at nuch higher levels
t han normal .

There we have two communities com ng
together. W have a survivability comunity, which is
| arger than the conbat survivability comunity, and we
have the systens safety world.

If we go to the third world that we are nost
used to, the normal operating environment, that is the
worl d of systens safety and they | ook at interna
system failures.

There is a spark inside the tank due to sone
internal system failure, and they also |ook at things
l'i ke operator errors, and that is their world. W
overlap in this fuel explosion problem W have nmany
ot her areas that we overl ap.

Ckay, next slide, please.

(Next slide shown.)

The systens safety world has different

t er mi nol ogy. You have heard nme tal k about
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susceptibility and vulnerability and critica
conmponent s. The systens safety world deals in what
they call hazards and m shaps.

A hazard would be a fuel tank ullage with an
expl osi ve vapor and an ignition source. That is a
hazard that |eads to an expl osion. That that explosion
causes damage to the aircraft, perhaps destroying the
aircraft, that is a mshap; not an accident, but a
mshap in the systens safety termnology. So, hazards
| ead to explosions, and m shaps are related to the
damage caused by the expl osion.

The systens safety world attenpts to eval uate
hazards using hazard anal ysi s. They identify hazards,
just like we identify critical conmponents and how those
conponents are kill ed. W use the sane tools, the
FMEA's and the fault tree analysis.

They rank their hazards in a different way
t han we do. They use what is called the hazard risk
assessnment matri x.

May | have the next slide, please.

(Next slide shown.)

The systens safety world has a nilitary
standard, M| 882-c, and in this ml| standard they
describe the hazard risk assessment matrix, and it is

based upon two factors, if you will. Wat is the
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severity of the outcome of the mishap? Is it
catastrophic, if the aircraft breaks apart; is it
critical, the aircraft is damaged; is it narginal; or
is it negligible. That is one of the paraneters.

The other factor or paraneter is, how often
will that hazard occur? Is it frequent, probable
occasional, renote, inprobable, or inpossible? Now,
these are all words in the English |anguage, and they
probably nean different things to different people, and
I am sure the people that put this together realized
that, and there is sone latitude as what one m ght nean
by “inprobable . *

You have to | ook at whether you are dealing
with a single aircraft in terns of inprobability, or
whet her you are dealing with a fleet of 2,000 aircraft
when you are tal king about inprobability. So, these
nunbers have sone lat — or, these definitions have
sone latitude, and the m| standard gives sone
expl anati on of what they are thinking about for these
particul ar nunbers.

The individual severity categories are
nunbered one, two, three, four. The ranking given to
themis just the opposite; four, three, two, one. The
probability, A through F, is given in numerical

nmeasures 6 through 1, and the hazard/risk — or, the
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hazard -- risk/hazard, hazard/risk index is the product
of the severity and the probability.

I have indicated there, there is basically
t hree categories. | am not sure it shows up on the
figure . Those that are in the dark red, if you wll
(indicating), are nunbers or products between 12 and
24, Those are unaccept abl e.

If a design has a hazard with an index of 15,
that is unacceptable and nust be eli m nated.

Controlled is the word they use, and they have various
ways of controlling it.

If it is 8 and 9 -- or, 8, 9, or 10, then it
is acceptable with review In other words, the Program
Manager must have people look at this and decide. He
or she nust make the decision, “yes, that is a hazard
and it can happen, but | amwlling to accept it for ny
aircraft. *

The others, the A-6 through 1 is acceptable
without review So, all hazards, then, are ranked
according to that risk - that hazard/risk assessnent
mat ri x.

MR ANDERSON: Dr. Ball, the -- could we have
the slide back for another nonent, please, slide nine?

(Slide shown.)

Could you talk a little bit about the -- you
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talked a little bit about rating the problem as far as
probability of occurrence. Wat type of inputs would
typically go into establishing those categories?

Wuld it be based on testing? — and, if so,
what kind of tests would be done? Wuld they be full
scale tests with a conplete aircraft, or would they be
subsystens? Could you comment on that, please?

W TNESS BALL: M. Anderson, | beg to put
t hat question off. | don't want to say what the system
saf ety people do, because | don’t know.

VR, ANDERSON: Ckay, thank you. Now, M.
Tyson, as a tester at China Lake, would you have sone
conmrents on that?

W TNESS TYSON:. Again, | amfromthe aircraft
vul nerability community, and we do interface with the
Navy safety people when we are dealing with a system

that we have a crossover like dry bay fire

protection -- that is, the areas outside the fuel tank
that mght catch on fire -- and when we have a fire
protection system within the tank. But, | honestly --

that is out of ny field.

MR.  ANDERSON:  So, you know that these
categories exist, but we don’'t know where they cone
fromin terns of testing versus hazard anal ysis?

W TNESS TYSON: That is correct.
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VR.  ANDERSON: Is that a fair statement?

W TNESS TYSON:  Yes.

VR.  ANDERSON: Yes, okay. Dr. Ball, | think
we are — we appreciate the overview very much of where
the mlitary community has cone and how it has got to
this place.

I think at this time | would like to ask you
to get into the actual concepts of preventing fuel tank
expl osions which this discipline, of course, has
produced.

W TNESS BALL: Yes, M. Anderson. | hope |
don’t inundate you with nmaterial you have seen for many
times throughout this public hearing, but | do need it
to lay sone foundation, and | have discovered sonetines
that repetition can be hel pful.

May | have the next slide, please?

(Next slide shown.)

There is a fuel tank. It is any one you want
to think of. It isinawng, it is in a fuselage, it
could be carried externally. It is idealized with the

| evel of fuel

In any ullage we have a nmixture of air
contai ning nitrogen and oxygen, and fuel has evaporated
into that. It is called the ullage. There is a

certain amount of fuel vapor there and there is a
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certain anount of air there.

Next slide.

(Next slide shown.)

W have assuned a uniform ull age. | have
elimnated the stratification and the non-honogeneity
here to nmake it sinple. An ignition source appears.

In our case it could be an incendiary round, it could
be a hot fragnment. A nunber of things could have
created it. It could be an expl osive warhead. There
is an ignition source.

If the ullage surrounding -- the vapor space
surrounding that ignition source is conbustible,
conbustion will occur and a flanme front, or conbustion
wage W |l propagate roughly spherically in this
situation, away fromthat ignition source, and it wll
nove through that ullage as |ong as conbustion can
conti nue.

Behind the flane front is a relatively hot,
relatively high pressure gas. If we | ook at the
chem cal equation given at the bottom of the slide
(indicating) -- | apologize for that -- it is basically
a CNHM a hydrocarbon fuel, JP-4, JP-5 JP-8 Jet-A
pl us oxygen and nitrogen, and that is what is in the
ullage, three different species of gas.

If that energy source has sufficient energy,
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there will be a chem cal reaction and the hydrogen wl|
conbine with the oxygen to give hot water vapor, the
carbon will conmbine with the oxygen to give hot CO,
the nitrogen kind of goes along for the ride. There

are sone other products, and there is heat of

conbust i on. This is an exotherm c sustained chem ca
reaction.
Now, the question is, when wll that occur?
Next slide.

(Next slide shown.)

Fl ammabi l ity diagram This is a diagramin
which we attenpt to show the region of tenperature and
altitude for aircraft in which conbustion will occur
Now, it is a bit msleading to talk about tenperature
and altitude, because we are really interested in this
fuel vapor and oxygen.

so, you will see | have on the |ower axis,
going fromleft to right, tenperature, but tenperature
directly affects fuel vapor. So, as tenperature goes
up, fuel vapor goes up. If you |l ook at the vertical
axis, the altitude axis, it is a little confusing
because as you go up in altitude, you go down in
oxygen.

It makes it a little bit confusing, but why

does that happen? Well, the reason that happens is the
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aircraft nust maintain a certain differential over—
pressure within the ullage, and as it clinbs to
altitude the lower pressure outside the fuel tank gets
smaller, and therefore the aircraft fuel ullage is
vented and air is released into the atnosphere and the
oxygen goes down.

Now, that gets a little bit confused by the
fact that there may be oxygen in the fuel, and that
oxygen dissolved in the fuel, and that oxygen will then
| eave the fuel and go back up into the ullage. So,
instead of |osing oxygen, we gain oxygen. So, it is
not a clear situation.

Now, | have indicated on this flammability
diagram an aircraft located at -- three aircraft
|ocated at the same altitude with three different
tenperatures, A B and C Ckay

Now let’s go to the next slide.

(Next slide shown.)

W ran down to China Lake and Hardy runs sone
tests for us and he takes the tenperature and the
oxygen conposition at altitude indicated by A and he
says “l don't get conbustion.”

What he really nmeans is that the wave front
doesn’t go back, or if there is a little wave — maybe

the over-pressure that is created by the spark is
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really not very | arge.

Then he tests B and he says, “Yeah, real

nice, | have got about 100 PSI, a nice deflagration.”
I know you have heard that word earlier. Then he goes
over to C and he says, “No, it didn't work, no over-—

pressure generated by that spark.”

so, we have a region A too lean; a region B,
just right, the conbustible region; and the region C
too rich. W indicate the debarkati on between those as
if it were a nice, straight line, a nice line there.
Vell, it isn't. It is a fuzzy line. The position of
the |line depends upon the anmount of energy in the
spark, or, in our case, incendiary particle.

The nore energy, the wider that region wll
be. The location of the region along the tenperature
axis is a function of volatility to the fuel. The
conbustion region could be way off to the left if we
have a highly volatile fuel. It could be way off to
the right if we have a very low volatility fuel. So,
those are the paraneters that we have to deal with when
we want to protect our system

Now, the thing slants to the left, and you
kind of wonder, well, why is that? Well, that
conplicates things because you can’t just pick a

tenperature at sea level and nmake it work at 30,000
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feet. As a matter of fact, about 60,000 feet up there
it cuts off entirely. There is not enough oxygen out
there at 60,000 or above to support conbustion.

The reason it slopes to the left is that as
you go up in altitude at the sanme tenperature the fuel
vapor remains constant, but the oxygen |evel goes down
and, so, you go from basically being too | ean -- okay,
you have got too nuch oxygen, to just the right anpunt
of oxygen, and you becone conbusti bl e.

Now, every aircraft that flies a flight
profile will go through that altitude tenperature
region, and you can draw |lines and watch that thing
nove through that region. Sonetines it will be an A
sonetines it may be in B, and sonetines it will be in
Cc. O course the question here has been, how long is
it in B?

Next slide.

(Next slide shown.)

W have sone nanes that we give to these
portions of this thing. W talk about the flammbility
limt. It is alittle bit difficult when we tal k about
flammability limts, because we use different ignition
sour ces.

Sonetimes we use flane, sonetinmes we use

sparks. In our particular case we could use incendiary
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rounds, or we could use high explosive warheads. So,
the flammability word is perhaps a bit m sl eading.

W have on the left a lower flanmability
limt, on the right an upper flammability limt. |
showed arrows to indicate that those values are at sea
| evel .

They have values for all altitudes, but I
have indicated they are at sea level, and there at the
bottom | have taken sonme typical nunbers out of the CRC
handbook, and | have given the reference there, the
Handbook of Aviation Fuel Properties, just to give us
sone tal king position.

Ckay, with that as background, then, what |
would like to do is to take a |look at that diagram and
figure out what we can do now to prevent conbustion
from happening. W do that by shrinking or noving that
flammability region, or that conbustion region.

Next slide, please.

(Next slide shown.)

First of all -- okay. Fuel tank expl osion
prevention; perhaps | should say prevent/suppression
because prevention to me would inmply that there is no
conbustion process at all that occurs. Suppr essi on
woul d indicate, perhaps, that there is sone conbustion

going on, but the over-pressure generated is sonething
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that the fuel tank can withstand. These techni ques
work on one or the other of those, prevention or
suppr essi on.

First, reduction in the anount of fuel vapor
basically making the ullage too |ean. There are a
variety of ways of doing that. W can reduce the fuel
vapor by reducing the volatility of the fuel, by
cooling the fuel, by sweeping the ullage.

Anot her technique; dilution of the oxygen
content, which we typically refer to as inerting. Now
we don’t have enough oxygen and we are too rich. |
nmenti oned at 60,000 feet there is not enough oxygen
above that to support conbustion. W have inerted the
ul I age.

A third technique, of course on an entirely
different principle, a break-down of the conbustion
chai n reacti on. Conmbustion is a very conplex process.
It just doesn’t go from the hydrocarbon fuel and
oxygen, nitrogen over to hot water vapor and hot carbon
di oxi de.

There are nmany internedi ate products, and
there are certain chem cals that when you introduce
into that process will prevent it from going through
conpl eti on. It is called breaking down the conbustion

chai n reaction
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Anot her technique is to absorb the heat of
combust i on. The reason the conbustion wave propagates
through the ullage is that enough heat is liberated by
the process to support the conbustion taking place in
t he unburned region, and the wave noves forward. |If
you could renove that heat, you could prevent that from
happeni ng.

Finally, there is a physical technique;
interfering with the conbustion m xing. Conbust i on
needs roomto nove. If you give it a very snall space,
confine it, it has difficulty generating those hundred
PSI over—pressures. That is how we prevent conbustion.

MR.  ANDERSON: Thank you, Dr. Ball. Movi ng
fromthe theoretical underpinnings, if you will, of how
we go about designing systens, could you describe the
specific techniques that have been devel oped by the
Department of Defense to acconplish the goal of fuel
tank expl osi on prevention?

W TNESS BALL: I am just going to prevent
sonme of them W refer to themtypically as passive or
active. Passive neans it is sinply there and we don't
have to worry about it.

The first one we have on the list there is
foans, and a safety foam It is an open-celled

reticul ated polyurethane, or fibrous filler. There is
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another one | don’'t have on the list called expanded
netal foil

Nitrogen inerting is another technique. You
can obtain nitrogen to put into the fuel tank ullages
using on board liquid nitrogen, or stored in gas
bottles. O, you can generate the nitrogen as the
aircraft flies using a system called on board inert gas
generating system or OBIGS

Hal on 1301 is a chemcal that we can — it is
a gas we can put into the ullage, and it breaks down
t he conbustion chain. Unfortunately, the Hal on gases
are no longer going to be available to us, and | think
Hardy and Ral ph will address that issue |ater

U |l age venting; again, reducing the fuel

vapor, or ullage sweeping it is sonetines call ed. The

use of additives. In other words, we can actually take
sone additives, powder, if you will, and put it into
the fuel and it will reduce the volatility of the fuel

It would be less likely to mst, less likely to
evaporate, and the use of low volatility fuel itself.

There is an active technique that we have
been investigating. Fl ane front detection using sone
type of sensor, perhaps an optical sensor to detect the
radiation from the front, and then conbustion

suppression by dispensing sone sort of gas into the
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ull age to suppress the devel opnent of the over-
pressure. Those are the techniques that have been
investigated, and nmany of them are in use today.

CHAI RMAN HALL: I was wondering if Dr. Ball
was aware of the anti-static additive they put in
Europe and whether that is done in the mlitary, or
whet her there is any anti-static additive added to
mlitary fuel in this country?

W TNESS BALL: No, | am not. | am just not
aware whether there is or there isn't. It doesn’t, to
ny knowl edge, have any effect on the suppression or
prevention of the explosion. So, | have not | ooked
into that.

MR.  ANDERSON: Thank you, Dr. Ball. The
various techniques there, another term for de-—
oxygenating the fuel | believe is scrubbing, is that
correct? Is that a usable tern?

W TNESS BALL: Well, scrubbing refers to the
fact that fuel, as | nmentioned earlier, has dissolved
oxygen, and if the aircraft is, we will say, sitting on
the ground and is re-fueled, there is a lot of oxygen
in that fuel

As it clinbs to altitude we want to get rid
of the oxygen. If we are going to use an inerting

system we want to get the oxygen out of there, and I
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nmentioned that clinbing to altitude is good because you
get the air out of the ullage, but you get oxygen
bubbling up through the fuel and into the ullage, and
you need to get rid of that.

so, what they do is they actually scrub the
fuel by passing, perhaps, sone of this inerting gas
t hrough the fuel, capturing the oxygen and di spensing
with it very quickly during the early tines of flight.

VR, ANDERSON: Yes, and perhaps the reason
for bringing that up as a clarification is that a
conplete nitrogen based inerting system m ght consi st
of two conponents, and | know we will get into it
|ater, but the term nology has a tendency to get m xed
from here on when we are tal king about different
syst ens.

But, the scrubbing would be the renoval of
oxygen from the fuel by bubbling, and then the ullage,
which is where the oxygen ends up, is inerted with the
ni trogen. Is that a correct characterization of that
ki nd of systen?

W TNESS BALL: That is ny understandi ng.

MR,  ANDERSON: Thank you. Can you give us
exanpl es of techniques used in current U S mlitary
aircraft, both conbat aircraft, for a reference, and

transport aircraft that are equivalent in my ways and,
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in fact, identical in sone other ways to commercia
aircraft?

W TNESS BALL: Yes, M. Anderson

Next slide, please.

(Next slide shown.)

Okay, | have | ooked around into the various
used mlitary aircraft, and these are the — these are
sone of the aircraft of which |I can speak about that I
have found fuel system protection. | have divided them
into fighters —— 1 should say fighter/attack and the
transports, the tactical and then the transport world.

If you will notice the -- also on there |
have indicted the type of systemthat is used and the
approxi mate year of program start. In all cases except
over on the right, the C 130, the fuel system
protection scheme that was used was original, and in
the original design of the aircraft.

Over on the C-130 which was, | believe,
developed -- it was started in 1950's, foam was not
inserted until, | believe, in Southeast Asia. But, al
the other aircraft actually had the foam installed at
the time -- or, designed to be installed at the tine
t he program started.

so, it gives you sone idea of the fact that

we have been using foam since the 1960's and, M. Hall,
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| believe you nmentioned the foamin the Air Force
aircraft. The Air Force used an orange foam at that
time in their aircraft.

CHAI RVAN HALL: Senator McCain was a Naval --

W TNESS BALL: Yeah, | was thinking of --

CHAI RVAN HALL: Don't get ne in trouble that
way.

W TNESS BALL: [ know. I was thinking of
that and Marty hel ped nme out here.

CHAI RVAN HALL: Did | say Air Force?

W TNESS BALL: | don’t remenber any Navy
aircraft that had foam in Southeast Asia, but Hardy
could maybe correct me here.

CHAI RVAN HALL: \Well, that’s why | wanted to
check.

W TNESS BALL:  Yeah.

CHAI RVAN HALL: I will pull the letter up
here and see if that is correct, or not.

W TNESS BALL: The Air Force did put foamin
their aircraft. The Air Force was flying JP-4, the
Navy was flying JP-5 nmuch less volatile, and they
didn’t believe they had the problem the Air Force had.

Going back to ny slide with the systenms. So,
when you see a year on there, that is not from when the

aircraft started, but actually when the aircraft
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started with that protection system

so, we have the F-15 and the A-10, and for
the Air Force with foam W have the Navy F-18 wth
foam and the current version still has foam The EF
com ng out has foam The F-16 has Hal on. That is
called part-tine Halon because it is only used as the
aircraft flies into conbat, and the F-22 is designed to
have OBIGS, that on board inert gas generating system

Over in the transport world, the C 130 had
foam the G5 has on board liquid nitrogen, the G 17
has OBIGS and the V-22 is designed to have OBIGS. |
believe that is a representative list of mlitary
aircraft that we can talk about.

MR,  ANDERSON: Thank you, Dr. Ball. I woul d
just like to add several itens. As | prepared for this
panel, | talked to a nunber of people in the civilian
community who were retired fromthe mlitary, and I
wanted to find out a little nore of how sone of these
t hi ngs had happened.

One of the areas was, as you nentioned, CO
inerting, and I would just like to nmention that | was
told several anecdotes of testing which is, of course,
long buried in the official record of the B-36 in the
late 40's and early 50°s which installed on a

devel opnental basis the CF-2 system
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I was also told by the sane individuals that
the system did not prove to be successful because they
had difficulties with the CO) gas going in solution
with the aviation gas, which at that tine was 115-145
grade, a very high volatility gas, and it caused
cavitation of the fuel punps.

The ot her anecdotal use of flammability
reduction was a little interesting. During World War
Il the Russians in their ground attack airplane, the
Stornmovic, used anecdote exhaust gases vented through a
vent systeminto the tanks and was successful by a |ot
of accounts in - of suppressing fuel tank explosions,
or fires.

The last one | wanted to talk about, the C5A
and G5B aircraft, which are, of course, operating
today and in a very successful manner. The gentl eman |
talked to was -- who is retired was responsible for
procuring that system and | thought it was useful to
note that he said that the system was not delivered
with the airplane and not devel oped with the airplane,
but was added | ater.

The reason he told nme that it was added |ater
was because three CG-5"s had been destroyed on the
ground due to fire. In one case it was a re-fueling

acci dent . In another case it was a depot entry into
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the fuel tank where heaters or something were wong. |
believe the third case was — may have been in the air,
but I am not sure.

But, | thought it was inportant to nention
that the G5 nitrogen system which is, | believe, a
liquid nitrogen system was put on the airplane for the
pur pose of preserving the assay.

I would Iike to nove to M. Tyson. CGood
afternoon, M. Tyson.

MR TYSON : Good afternoon.

MR . ANDERSON: Coul d you share with us the
role that you are currently playing in reducing flight
hazards on U. S. Navy aircraft?

W TNESS TYSON: Yes. My col l eagues and | at
China Lake test Navy and Marine Corp aircraft to
identify areas where we can make inprovenents to their
survivability.

Now, we just don’t go out and shoot airplanes
at random W use tools, nodeling tools, as Dr. Ball
has illustrated in his earlier view graphs, to guide us
to the areas of the airplane that mght need attention.

W al so use engineering judgnent. Say the
nodel ers haven’t captured sonething that we think mght
have a vulnerability associated with it. W wll test

t hat .
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CGoing back a little bit to the question you
referred to ne earlier, we have also had the safety
community cone to us with concerns about certain areas
of an airplane and say, “Could you test this, we think
there mght be a problem” W have, and successfully
installed protection equipnment as a result of good
engi neering judgnent by the safety people, also.

W also test aircraft to verify the
performance of installed protection systens. In
addition to testing aircraft, we are continually
involved in R&D to identify new technol ogies for
acconplishing our goals of inproving survivability for
current and future aircraft.

MR,  ANDERSON: The next question | would have
for you in that context and in that area is,
essentially what tests are you famliar with, or have
you participated in that would help us to understand
t he net hodol ogy of testing fuel tank hazard conditions?

W TNESS TYSON: We have acconplished many
tests that specifically address fuel tank hazards. Can
I have ny first slide, please?

(Slide shown.)

This is a series of photographs from a high
speed film taken by a professional photographer, Dan

Zern (sic), of a test | conducted collecting data to
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support requirenments for an OBI G system for a Navy
aircraft. As Dr. Ball nentioned, OBIG stands for on
board inert gas generating system

As you can see from the photograph, our
testing in the field is very much in agreenment with
what was presented by panel six, the Flanmmability panel
on Tuesday.

This particular test is a spark-ignited test.
The energy of this spark was nineteen jewels. Wat we
have here is a two-stage free radical branch chain
reaction.

The first stage of the reaction is visualized
there in the photographs by the propagation of the blue
flane you see extending through the volunme we had
representing the fuel tank. That volune was thirty
cubic feet.

What is behind that blue flane is hydrocarbon
fragments. As Dr. Ball nentioned in his chemca
equation, things don’t normally transition fromthe
hydrocarbon in oxygen inmmediately to products of
conmbustion, and that is what we are | ooking at there.

In the bottom center photograph (indicating),
what we have is a conplete — a very intense |ight
source derived from the triggering of those hydrocarbon

fragments, which are free radicals, to products of
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conbusti on.

The pressure that is associated with the
first stage is on the order of one or two PSI, and the
pressure that is associated with that violent
transition to products of conmbustion is on the order of
eight tines the initial pressure at ideal conditions.

This test was conducted at a pressure
altitude using standard day tables at 14,687 feet. The
initial tenperature was ninety-five degrees and the
fuel was a JP-4 fuel vapor simlant.

The JP-4 simlant that we used consists of
fifteen of the highest volatile constituents of the JP-
4 fuel, as sanpled in the stockpile across the country
at the tinme the study was done.

This reaction is very well described by Louis
and Vonelle (sic) in their classic text, “Combustion
Fl ames and Explosions of Gases.” | also want to point
out while we are on this slide that there is a
trenendous difference in a spark-ignited ullage
expl osion and an ullage explosion initiated by the
threats that we are concerned with.

In many cases, the threats we are |ooking at
consist of thirty—five, forty, fifty grams of a high
expl osive that detonate within the tank, and in that

case you don’'t see this nice progression of this flane
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front that -- the fire ball is so big fromthe
detonation of the H that you see a real rapid
transition to the products of conbustion and a rea
rapid rise in the pressure inside the tank.

Now, that is inportant, particularly if we
are trying to suppress the explosion. Dr. Ball nade
the distinction between prevention and suppression.
Prevention is nore like an inerting where we have a
fire-fighting agent existing in the ullage space before
we are hit.

If we are going to suppress an expl osion, we
have a fire-fighting agent contained in one or nany
containers within the ullage that then, when we detect
the event starting to occur, we then release our fire-
fighting agent and try to attack that situation before
it gets critical to the airplane.

It is a much harder problemto suppress an
explosion than it is to inert for an explosion, and we
have done both. As you m ght expect, since it is a
nore difficult problem we haven't been as successful
as often in suppressing explosions, but we have tested
sone systens that show a |ot of prom se.

W have tested a system called LFE It
stands for linear fire extinguisher. It is a tube that

contains a fire-fighting agent, and along the I ength of
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the tube is a flexible linear shaped charge, and when
we detect an event going on, that flexible |inear
shaped charge rips the tube open and disburses the
fire-fighting agent throughout the ullage.

As | said, in many cases we have been able to
affect the over—pressure significantly. There are no
current active explosion suppression systens installed
on Navy airplanes, however.

Let’s see, can | have ny next slide?

(Next slide shown.)

| amgoing to talk a little bit about the
OBl G syst em now. The defining word for inerting fuel
tank ullages was done in 1950 -- or, reported, anyway,
in 1955 by Stuart and Starkman who were at Wight Labs,
| believe, and their docunent is entitled “lnerting
Conditions for Aircraft Fuel Tanks.”

| amsorry, could we go to the previous
slide, the one |abelled 18.

(Previous slide shown.)

Yes. You can get a rough idea for the

di mensi ons of these nmenbranes -- they are hairlike --
by the dinensions shown in the upper left. The way
they function is there is an air inlet. This is a high

pressure air that is comng from sonme source in the

airplane that | will talk about later, and the air

CAPI TAL H LL REPORTING, | NC.
(202) 466- 9500



oW N

o1

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1168
contai ns twenty-one percent oxygen.

As the air is passed through the nenbrane
modul e the exhaust gas, which is oxygen, (0, and water
vapor, preferentially perneates the nenbrane because of
the nol ecul ar size of those nolecules is smaller than
the nitrogen. You can see in the output of that
cartoon nodule, the inert gas we are indicating |ess
t han ni ne percent.

In that defining work by Stuart and Starknman,
they identified that if you inerted your ullage to |ess
than nine percent oxygen you would not get conbustion
or an explosion event to occur in the tank, and we have
tested many different threats. | believe their threat
in their docunment was a spark

W have tested nmany different threats that we
are concerned with, and sparks, and we have found that
nunber to be accurate. In fact, for some of the |arger
threats that we use, we can tolerate oxygen content a
little higher than that and still acconplish the sane
feat.

That nunber also changes with altitude. It
can — the anmount of —— the percent of oxygen you can
tol erate changes, goes up with altitude somewhat, and
as Dr. Ball indicated in the flammbility curves, if

you get to about 60,000 feet, there is not enough
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oxygen existing in the anmbient air, anyway, to support
conbusti on.

Ckay, can | have the next slide?

(Next slide shown.)

This is a very sinplified illustration of the
concept of operation for an OBIG system As indicated
in this slide, engine bleed air is taken and put
through a conditioning unit to put the air that is
going to be put into the air separation nodule within
the limts that the air separation nodule can tolerate.

It is also filtered, and then there is a
pressure regulator so you don't over-pressurize the
nodul e. Then you see the nodul e. Then there is flow
restrictions, and finally you see in this illustration
what we tal ked about a little bit earlier, that the gas
is inserted into the Iower part of the tank so we can
t ake advantage of scrubbing the fuel as it makes its
way to the ullage, and nake the ullage inert.

The Navy has successfully inplenmented OBIGS
on Navy and Marine Corp aircraft. Wen | say the Navy,
it is really a team of governnent and industry where
the Navy devel ops the requirenents based on existing
data, or tests to define specific requirements, and
then the team designs and produces a system that neets

t hose requirenents.
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Can | have the next slide, please.

(Next slide shown.)

Next | would like to make a few coments
about foam Foam is a mature technol ogy that we have
tested many tines, and it works. The nechani sm by
which it works are listed here. It prevents passage of
the flane front.

The wetted foam -- and it is wetted with fue
as a result of being within the fuel tank — acts as a
heat sink, and that is a nmeasurable part of the
pressure reduction that we see when we use foam as a
protection technique for ullage explosion

The part of the fuel tank that has foamin
it, and they are not necessarily always 100 percent
pat ched, also provides pressure relief volune to keep
the pressures in the aircraft below the point at which
you woul d see structural failure.

I have a sanple of foam here that | would
like to pass over to the Chairnan. This is the |atest
t echnol ogy foam

(Sanmpl e proffered to the Chairman. )

As | nentioned before, it works very

successful ly. It does have weight and penalty vol unes
by spec. | believe the spec requires that it weigh one
and a half — no nore than one and a half pounds per
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cubic foot. The manufacturers of the foam have
denonstrated a lighter weight than that.

The spec also requires that it not retain
anynore than two and a half percent by volune fuel, and
it also — this spec also requires that the foam not

di spl ace anynore than two and a half percent by vol une.

CHAI RVAN HALL: M. Tyson, | understand the
word foam Reticulated, | don't. Now, what is that?

W TNESS TYSON: In general, | wll try to
answer that. In general, the foam-- the materi al

cal l ed pol yether is bubbl ed. The reticulation process
takes the nenbranes between the structure you see there
away so that it is an open-cell foam and that is I
believe what is referred to as reticul at ed.

Do you want to help nme out there, Ral ph?

W TNESS LAUZZE: One of ny favorite
expressions for that, sir, reticulated neans the
interstices of foam

(Laughter. )

It is the holes.

CHAI RVAN HALL: Ckay, what ever. Let’s pass
this down to the party table, would you please, Tricia,
so they can look at them as well?

(Sanmple proffered to the Party Participants. )

MR BIRKY: M. Chairman, if | mght conmment
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on that, if | could, a little bit? There are generally
two types of foam «closed cell foans and open cell
foams . Closed -- you have to have open-cell in the
tank or you don’'t have any room for your fuel.

W TNESS TYSON: I would like to thank Jim
Margi nette (sic) for providing that sanple to us. Dr.
Ball also nentioned a -- an expanded al um num foil, and
| have a sanple of that here, too, that | would like to
share with you.

It also does a fine job of suppressing an
ul l age explosion, and basically what it does is it
prevents the flame from passing, passing through the
ul I age.

(Sanple proffered to the Chairman and Party
Participants .)

Maybe Ral ph Lauzze from the Air Force has
some coments he would like to add to what | have —

CHAI RMAN HALL: Are you famliar with a Dr.
S.S. Marsden? He is Enmeritus at Stanford s Departnment
of Petrol eum Engi neering, and he sent us an article |
will share with you on the steami ng potential and the
rheol ogy of foam

WTNESS TYSON. No, sir, | am not famliar
with him

CHAI RVAN HALL: Ckay, thank you. Pl ease
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pr oceed.

MR ANDERSON: Thank you, M. Tyson. Bef ore
we go over to the Air Force and M. Lauzze, | would
like to just follow up on a few itens here, but the
| ast area we could follow up on first.

Could yQU -- | think we will talk a little
nore about this, but just repeat the nechani sm by which
t he foam works.

W TNESS TYSON: In the testing | have done, |
have been able to notice a difference in the three that
| have listed there. It prevents passage of the flane
front, the wetted foam acts as a heat sink, and it
provi des pressure relief vol une.

In tests that | have conducted where the foam
was not wetted first with fuel, there is a neasurable
difference in the over-pressure neasured in the tank,
even though we suppressed the expl osion. It is on the
order of a few PSI. It is not very large

Then, of course, the pressure relief vol uneg,
| nmentioned that there are installations that work that
don't require 100 percent -- the volume of the tank to
be 100 percent packed with foam

| am going to introduce a very confusing
term W call that gross voiding. I n other words,

part of the tank is voided of foam and that mnimzes
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the weight and volunme penalties associated with foam
being installed in a fuel tank.

As m ght be expected, if you have half of the
gasses in a fuel tank reacting in sone way to the
conbustion process, it will generate |ess pressure than
if all of the gasses in a fuel tank are reacting, and
in that manner is the last bullet where the part that
doesn’t react adds volune for that pressure that did
react to expand, too.

MR.  ANDERSON: Thank you very much. The
ot her area —

CHAl RMVAN HALL: \well, help ne. Does t hat

foamtotally fill the tank, or does it lay at the
bottom or is it -- what does it look like in the tank?
| f the machinists go in, is it — where is it?

W TNESS TYSON: In some installations it is
fully packed, yes. In -- in the F-18 aircraft the
wings are protected with foamand it is not fully
packed, and it works fine.

It is constructed in such a manner that the
foamis located on the upper portion of the fuel tank
and installed in between the ribs and spars, and it is
in the volume of the tank where the fuel is burned
first so that it gives protection when needed.

CHAI RMAN HALL: Have you ever been in a tank
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with foam M. Labelle?

MR LIDDELL: M. Chairnman, yes, and it is
Li ddel I . It is Liddell.

CHAI RVAN HALL: Liddell, | am sorry.

MR LI DDELL: But, my experience with the
foamis in Air National Guard F-15's and F-4's. It
gave us a nmi ntenance penalty and we wound up renoving
it.

CHAI RVAN HALL: Ckay, thank you. Proceed,

M. Tyson.

W TNESS TYSON: | am done.

MR.  ANDERSON: Yes, | wanted to follow up on
your very interesting discussion of the act of
suppr essi on. You nentioned the use of a shaped charge,
and | just — 1 thought it was neaningful to have you
expand on that for people who are perhaps not famliar
with — this is — is it not a high explosive?

W TNESS TYSON: Yes, it is. That system t hat
we worked on, | did nention that there are no systens
currently installed on Navy aircraft that use active
expl osi on suppressi on.

That was a devel opnent test that we did, and
we did do testing where we had an ullage that was
expl osi ve. It had a mixture of gasses in it that was

flammabl e, and we comanded the det cord to go off to
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see if it would add to the problem and we were not
able to do that. Now, of course if we were to instal
a systemlike that on an airplane, | expect that it
woul d get careful scrutiny to make sure.

There was anot her issue we were also
concerned with when we did that investigation, and that
is what happens if this is under — under —— beneath
the surface of the fuel and it goes off. WII that
then create the hydraulic dram phenonena that Dr. Ball
nment i oned?

W had data -- we collected data to support
that, and we didn't see that as a problem either
But, those are the kinds of issues you have to deal
with when you go to install a system such as this for
protection of an aircraft.

MR.  ANDERSON: Thank you. Could | also ask
you about a non-high explosive, use of perhaps gas
generating squi bs? Has that been explored? -- a squib
being a snmall detonator device that ignites a powder
that burns slowy and creates a |ot of gas.

W TNESS TYSON: Yes. As sone of you mght be
aware, that technology is being explored heavily in the
aircraft survivability community to partially take the
pl ace of Halon, because these gas generators produce

copi ous amounts of inert gas, CO, nitrogen and water
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vapor.

Yes, we have tested those components in the
application of ullage explosion suppression. It was a
joint effort between Northrop G unmman Corporation and
the Joint Technical Coordinating Goup on Aircraft
Survivability that Dr. Ball nentioned earlier, effort
in testing that at China Lake.

It was a first look at a new technol ogy, and
we hope as the technology for the application of fire
protection matures we can test it again. W weren’t
all that successful the first tine.

MR.  ANDERSON: Before we | eave the Navy,
just want to nmake one nore comrent on the OBIGS
nitrogen system It was ny privilege to hear sonebody
describe that from a chem cal engineer’s point of view,
and | believe they related the nolecular sieve. Is
that the technology in use by the Navy on the OBl GS gas
converter?

W TNESS TYSON: The one | described was
per meabl e nenbrane, | believe.

MR ANDERSON: Per neabl e nenbr ane.

W TNESS TYSON: Mol ecul ar sieve is a
di fferent process.

MR, ANDERSON: Ckay

W TNESS TYSON: The perneabl e nmenbrane has no
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novi ng parts once you get high pressure air to it. The
nol ecul ar sieve requires that you pressurize and
repressurize a bed of Z-like material so that the
constituents of air that you don’t want can be
separated from the nitrogen and you can get nitrogen
enri ched.

MR.  ANDERSON: So, essentially where | was
going with that was that it was conpared to a reverse
osnobsis system which | think people are nore famliar
with where you desalinize sea water.

W TNESS TYSON: The perneabl e nenbrane is
very simlar to that.

MR.  ANDERSON: Yes. Ckay, and one | ast
thing, M. Tyson. On the issue of fuels, because
think that is an inportant issue that we wll continue
to talk about even after we leave the mlitary side of
this problem

Coul d you talk about -- your service is
unique in that you have unique requirenments on board
ship, and you are probably the prinme user of JP-5 fuel
whi ch has been nentioned several tines here.

Do you have any comments on its use aboard
shi p?

W TNESS TYSON: I will do ny best. That is

not really ny field. The primary reason that the Navy
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on ship board — and | hope | don’'t m s—speak — uses
JP-5 is to minimze the fire hazards associated with
handling aircraft and refueling them on the deck.

JP-5 has fewer volatiles, it is a narrower
cut of fuel when it is distilled and therefore the
hi gher volatiles that evaporate early at | ower
tenperatures are not present, and it makes it safer to
handl e on the deck.

Now, what does that do for us in the ullage
from an aircraft survivability point of view? It
sinply shifts the flammbility curve, the nationalized
flammability curve that Dr. Ball showed us, to the
right. It doesn’'t do away with it, but it puts it at a
different location in altitude and tenperature.

VR.  ANDERSON: Thank you very nuch. M.
Lauzze, could you share with us some of the devel opnent
concerns or considerations involved in protecting U S.
Air Force aircraft?

MR LAUZZE: Thank you, M. Anderson. Yes.

Li ke many other aircraft disciplines in aircraft
survivability we feel it necessary to use a systens
appr oach. W have to evaluate the whole aircraft, |ike
the engine, the flight control system and structures,

as well as the fuel system for vulnerabilities due to

eneny hits.
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Now, we al so have to bal ance that
vul nerability with the susceptibility of the system
As Dr. Ball earlier stated, the probability of getting
hit in the first place, and obviously if you carried it
to an extreme we could nake an airplane with such |ow
vulnerability that it couldn’t performits mssion, it
is too heavy and would actually get hit nore often.

so, oObviously, our primary goal is to nake
sure we approach it in a bal anced way.

MR.  ANDERSON: Followi ng on from there, what
techni ques does the Air Force use to suppress the fuel
tank explosion simlar to our parallel thoughts of M.
Tyson?

MR, LAUZZE: The primary systens the Air
Force uses is — nost of them | have nentioned before.
The liquid nitrogen systemin the G5 | believe you
talked to a few mnutes ago; there is an on board inert
gas generating systemin the C17, OBIGS, we use Hal on
in the F-16, and | believe that is the only DOD
aircraft that uses Halon; and we use reticul ated foam

VR, ANDERSON: Could you carry on with your
experience in using foam both in large and small
aircraft?

MR LAUZZE: Wthin the Air Force we use foam

in aircraft as small as the A-10 and as large as the C-

CAPI TAL H LL REPORTING, | NC.
(202) 466- 9500



oW N

o1

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

1181
130. It is also used, | believe, in a simlar
arrangenent in the Navy’'s P-3, as simlar to the C-130.

| did bring one slide with a little bit of a
success story, if you take a look at the nonitor there
(indicating) . This is a picture of an A-10 from Desert
Storm

As you can see, the right hand wing was hit
by eneny fire, by what was probably a very |arge
t hreat. Due in a large part to the foam and just the
ruggedness of that airplane, we were able to bring that
airplane honme and the pilot |landed the aircraft safely.

The point is — the bottomline is, foam
wor ks .

MR.  ANDERSON: Thank you. Could you talk a
little bit about the static interaction with the foam
and, you know, we talked earlier about the nmechani sm of
suppressi on used by the foam

MR LAUZZE: Sone of the earlier foanms had a
static problem primarily in the refueling — in
refueling exercises where the foam actually — or, the
fuel actually ran through the foam A static charge
woul d build up on the foam

| believe that is one reason the Air Force in
many cases has added an anti-static agent to our JP-8,

but it has also resulted in the devel opnent of the
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newer foans, and the type that Hardy showed actually
has an ingredient in it that actually hel ps bleed off
the static in the fuel so we don’t have the static
probl em

MR.  ANDERSON: Thank you. Feel free to
solicit help from M. Tyson or Dr. Ball on this
guestion, but | think it is inportant to talk a little
bit about the future of Hal on.

| know the Air Force is |ooking at
alternatives, and one of those alternatives | believe
he has all ready talked a little bit of is active
systemns. But, could you give us anynore feel for what
affects that may have on your existing systens?

MR LAUZZE: Well, there is two thrusts going
on in the Halon replacenent area, basically short term
W are actively -- with the Navy and the Arny actively
| ooking for a chemical which we could use as a
repl acenent for the Hal on chem cal

HFC-125 is the current chem cal of choice,
al though there are others still being |ooked at. There
are sonme other active type systens, as Hardy nentioned
earlier, and there is a long range program sponsored by
DOD, the Next GCeneration Fire Protection Program which
is being highly supported by DOD.

so, there is both a short termfix and a |ong
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termfix in the works and, Hardy, would you like to add
to that?

W TNESS TYSON: Yes, Ralph is correct. The
DCOD is intensely interested in solving this problem for
our use. I would like to point out there are two
applications that we are |ooking at to replace Hal on
for. One is fire-fighting, whether it be a system on
an airplane or whether it be on the ground. The ot her
is explosion protection.

| have tested — we have tested at China Lake
the first -- sone first generation chem cal replacenent
agents for Halon in the application of inerting for
fuel tank ullage. Then | nentioned earlier the gas
generator work that we did for the sane application

It is probably the case that we are not going
to find any one replacenent for Hal on. It will depend
on the application what technology we turn to.

MR.  ANDERSON: If | understand the problem
correctly, the problemwith replacing Halon is finding
sonething that is equally effective and is |ight—-weight
and easily handl ed. Is that an accurate summary, or
have | m ssed sonethi ng?

W TNESS TYSON: I am not sure | could capture
all of them but that is a good summary of the nost

i nportant ones.
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MR ANDERSON: Isn’t it also true that this
is the primary fire extinguishing agent used on
aircraft engines?

W TNESS TYSON: Yes, that is correct. It is
being used in aircraft engine bays or in the cells
since, | believe, the 70's al nbst exclusively, and that
is an issue we are working really hard.

MR.  ANDERSON:  So, that should put sone
urgency into the search for replacenent, shouldn't it?

W TNESS TYSON: Yes, it should

MR.  ANDERSON: Because w thout the protection
of engines, there is going to be a relaxation, or sone

degradation unless an equally effective replacenent is

f ound.

W TNESS TYSON: Yes.

MR. ANDERSON: M. Chairman, at this point |
woul d suggest that we break the panel. W are ready to

transition to the application of this technology in the
conmerci al aviation world.
CHAI RVAN HALL: well, at this point, M.
Anderson, the Chairman is nunb, so | amgoing to
suggest that we save that, because it is so inportant,
and begin at that point in the norning at nine o clock.
Let ne say that one item of clarification

here -- we discussed the Madrid 747 that was a fuel air
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expl osi on because of |ightning. That was |ine 73,
which | assume is the 73rd 747 off the assenbly line,
and TWA 800 was |ine 153, which was the 153rd pl ane.

MR RODRI GUES: That is correct, M.
Chairman, and line 73 was delivered in Septenber, 1970.

CHAI RVAN HALL: Fine . Does anyone have
anything else they want to clarify before we end
today’ s session?

(No response. )

[f not, | will look forward to hearing from
this panel again in the nmorning, and concluding the
| ast day of our hearing tonorrow. We will stand in
recess until 9:00 a.m tonorrow norning.

(Whereupon, at 5:30 p.m the hearing was
adj ourned, to reconvene at 9:00 a.m the follow ng day

in the same |ocation. )
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